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ABSTRACT OF DISSERTATION 
 
 
 
 
THREE ESSAYS ON EXCHANGE RATES AND EXCHANGE RATE POLICY 
 
There are four chapters in my dissertation. Chapter one gives a brief introduction of 
the three essays. 
Chapter two studies the choice of exchange rate regimes in East Asia using a 
business-cycle approach. My results suggest that countries in East Asia are driven mainly 
by country-specific shocks, making more rigid exchange rate regimes less desirable. 
Neither a yen bloc nor a dollar bloc has been identified in East Asia. However, Japan 
seems more influential to countries such as Korea and Taiwan. An optimum currency 
area does not seem feasible for East Asia, at least in the short run. 
Chapter three applies the cointegration and causality analyses to the real effective 
exchange rates to study the degree of monetary integration in East Asia. I find that the 
ASEAN and the NIE countries, respectively, have achieved some degree of integration, 
but not East Asia as a whole. The yen is found to move closely with the NIE currencies. 
However, neither the yen nor the dollar imposes a dominant driving force on the East 
Asian currencies. My results suggest that East Asia is not an optimum currency area. 
Chapter four expands the traditional monetary model of exchange rate 
determination into a structural VAR model incorporating various capital flows and the 
balance of trade in addition to the macroeconomic fundamentals. The model is then 
applied to the Australian dollar (AUD), the Canadian dollar (CAD), and the US dollar 
(USD) exchange rates over 1980–2004. I find that capital flows, especially portfolio 
investments, explain a major portion of the exchange rate fluctuations in the relatively 
small and open economies such as Australia and Canada in the short-to-medium run. The 
impacts of capital flows are limited to the US dollar exchange rates. Among the 
macroeconomic fundamentals, the interest rate plays an important role in exchange rate 
determination for all three currencies. The results imply that different capital flows do 
influence exchange rates differently and are important determinants of exchange rates.  
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Chapter One 
Introduction 
 
 This dissertation contains three independent essays. The first two essays (Chapter 
Two and Chapter Three) are more closely related, investigating exchange rate policies in 
East Asia. In particular, I examine whether East Asia is an optimum currency area, and if 
so, whether it is a dollar bloc or a yen bloc. This research contributes to the literature of 
the choice of exchange rate regimes and monetary integration in East Asia. The third 
essay (Chapter Four) explains why floating exchange rates of the Australian dollar, the 
Canadian dollar, and the US dollar float by expanding traditional monetary models of 
floating exchange rates into one that incorporates influences of various kinds of capital 
flows – direct investments, portfolio investments, and other capital flows. This research 
contributes to the literature of exchange rate determination under floating exchange rate 
regimes. In the following, I will provide a brief introduction of each of the three essays.  
The choice of exchange rate regimes in East Asia has been a focus of attention 
among policy makers and economic researchers since the Asian financial crisis in the late 
1990s. East Asian countries are considered to have followed exchange rate policies in 
which the bilateral exchange rates against the US dollar are kept within narrow bands 
through heavy intervention. Recent empirical studies suggest that East Asia is not an 
optimum currency area as the East Asian countries are subject to asymmetric shocks. 
Existing literature also shows diverting proclivities regarding whether East Asia is a 
dollar bloc or a yen bloc. The first two essays contribute new evidence to these puzzles.   
In essay one, I adopt a business-cycle approach to studying the choice of 
exchange rate regimes in East Asia, drawing insights from the symmetry of shocks 
proposition of the theory of the optimum currency area. In particular, I try to answer the 
following questions. 1) Are countries in East Asia subject to similar macroeconomic 
shocks, especially to the US, Japan, and/or its major trading partners in the region? 2) 
What does the theory of optimum currency area, specifically, the proposition of the 
symmetry of shocks, imply for having the East Asian currencies peg to the US dollar or 
the Japanese yen? And 3) what does it imply for having the East Asian currencies peg to 
a basket of local currencies with a significant influence of the yen, or the dollar, or both?  
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To answer these questions, I design a structural six-variable vector autoregressive 
(SVAR) model in studying the degree of symmetry in macroeconomic shocks between a 
small open economy in East Asia and its potential peg anchor(s). Each East Asian 
economy is assumed to be subject to domestic shocks as well as external shocks 
originating from its anchor. Forecast error variance decompositions are used to show the 
relative importance of domestic and external shocks in explaining domestic output 
fluctuations. The greater the importance of external shocks is among all shocks, the easier 
it can be for the East Asian economy to align its macroeconomic policies with those of 
the anchor, and the better it would be for the East Asian economy to peg its currency to 
the anchor currency.  
Both single-currency pegs and basket-currency pegs are examined. The single-
currency anchors are the US and Japan, and the three basket-currency anchors are three 
constructed regional proxy economies – EA1, EA2, and EA3. All three proxy economies 
are constructed from the largest regional trading partners of any East Asian economy 
together with Japan, or the US, or both. 
Annual data of nine East Asian economies are examined over 1960-2002. The 
main findings are as follows. 1) More flexible exchange rate arrangements appear to be 
more desirable given that most East Asian countries are subject to relatively idiosyncratic 
shocks that make them experience different business cycles from their potential anchor(s). 
2) East Asia seems to be neither a yen bloc nor a dollar bloc. And 3) an optimum 
currency area does not seem to exist in East Asia, at least in the short run.  
In essay two, I have added new evidence to the conflicting evaluations regarding 
the exchange rate policy in East Asia. Using monthly data of real effective exchange rates 
of nine East Asian currencies over 1974-2003, I investigate the degree of monetary 
integration in East Asia by studying the interrelationships among the real exchange rates 
of local currencies. Cointegration and Granger causality analyses are applied to various 
systems of currencies. Cointegration is a necessary condition for co-movements of real 
exchange rates of a number of currencies in the long run. Causality uncovers the 
interdependence between countries in their exchange rate policy making. Haug, 
MacKinnon and Michelis (2000) suggest that for a successful optimum currency area, 
long-run co-movements among the real exchange rates and interdependence of exchange 
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rate policies are important. They have used cointegration and causality analyses in their 
study of the European Monetary Union. Enders and Hurn (1994) also develop the 
cointegration method, known as the generalized purchasing power parity theory, in their 
study of the exchange rate policies in East Asia.      
 My results support the following views. 1) An optimum currency area would not 
hold for the entire region of East Asia, including both Japan and the US, since real 
exchange rates of the currencies seem to follow different stochastic trends in the long run. 
2) Although no currency bloc seems appropriate incorporating all currencies in East Asia, 
there do arise two sub-regions which may each develop into a successful currency bloc – 
the ASEAN bloc and the NIE bloc with Japan as a member. 3) Neither the yen nor the 
dollar is forming an exclusive currency bloc in the region; however, the yen seems to be a 
core member of the quasi-NIE bloc, and the dollar seems to be more influential to the 
ASEAN currencies. And 4) the position of China seems unclear in this process of 
integration.  
 Financial crises in emerging markets during the 1990s are partly a result of 
domestic mal-management of international capital flows in the affected countries. Large 
exchange rate depreciations usually follow, further disrupting the country’s internal and 
external balances. In discussions after the financial crises in the emerging markets, Fisher 
(2001) argues that in a highly financially integrated world, in which international capital 
flows are featured by both larger volume and higher volatility, the “soft pegs” that were 
used by the crisis-affected countries, such as Thailand, may no longer be effective in 
avoiding financial crises. As a solution, he proposes that emerging market economies try 
the more flexible floating exchange rate regime. One good point to begin to evaluate this 
proposal is to understand how various capital flows influence floating exchange rates. 
Essay three of this dissertation is directed to this purpose.       
Most of past empirical research based on the single equation monetary models of 
exchange rates found poor fit for data beyond the 1980s. Recent research of exchange 
rate determination has documented impacts of monetary policies on exchange rates. 
While focusing on traditional macroeconomic fundamentals, existing literature has 
produced little understanding of what roles various types of capital flows play in the 
dynamics of floating exchange rates. In essay three, I develop a unifying framework that 
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takes into account macroeconomic fundamentals as well as various kinds of capital flows 
in explaining fluctuations of floating exchange rates.  
A structural vector autoregressive model is estimated with non-recursive 
contemporaneous restrictions on quarterly data of variables of Australia, Canada and the 
US over 1980-2004, respectively. The main findings are as follows. 1) For small open 
economies such as Australia and Canada, traditional macroeconomic fundamentals, such 
as the relative income, the relative money stock, the relative price, and the balance of 
trade do not explain much of the exchange rate fluctuations; it is the portfolio investment 
that explains a major portion of exchange rate fluctuations over the short-to-medium run. 
2) for a large and relatively closed economy such as the US, traditional macroeconomic 
fundamentals are more important in explaining exchange rate fluctuations while capital 
flows have far less influence. And 3) for all countries, the interest rate plays the most 
important role among the traditional macroeconomic fundamentals over the short-to-
medium run.  
These results imply that capital market transactions do play an important role in 
exchange rate determination which is worth more future research. Different types of 
capital flows – direct investments, portfolio investments, and other capital flows – do 
influence exchange rates differently. The findings are mostly consistent with the standard 
wisdom of exchange rate theories. The research contributes to the understanding of the 
determination of floating exchange rates in an increasingly financially integrated world 
economy. 
 
 
 
 
 
 
 
 
 
Copyright © Wei Sun 2006 
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Chapter Two 
Asymmetric shocks and the choice of exchange rate regimes in East Asia 
 
2.1 Introduction 
Exchange rate regimes in East Asia have long been a focus of attention for 
economic research, especially since the currency and financial crisis swept East Asia 
from Thailand in July 1997. According to Calvo and Reinhart (2002), East Asia has been 
subject to the “fear of floating” syndrome1 for decades. The soft pegs to the US dollar 
adopted by most East Asian countries prior to the crisis were blamed as inviting the crisis 
as the region became increasingly integrated in trade and as more countries liberalized 
their capital accounts. The 1997-1998 crisis drove the currencies of most countries to 
float right afterwards; however, recent research by McKinnon and Schnabl (2004a, b) 
shows that a high-frequency dollar peg has been resurrected in most East Asian countries 
recently.  
 The financial crisis over 1997-1998 has rekindled interest in the choice of 
exchange rate regimes in developing countries, including East Asia. One side of the coin 
is the debate between a “polar” versus an “intermediate” prescription. Fischer (2001) 
proposes the polar regimes for developing countries, that is, a fixed peg or a pure float. 
He argues that in today’s world which becomes increasingly financially integrated, it is 
getting harder for intermediate regimes to survive. Williamson (2000) holds that although 
intermediate solutions may be more vulnerable to crisis than the corner solutions, a well-
managed intermediate regime outperforms the corner solutions in avoiding 
misalignments of exchange rates without sacrificing major domestic economic objectives. 
Specifically, he proposes that East Asian countries peg to a common basket of currencies 
made up of the US dollar, the Japanese yen, and the German mark (euro now). 
Dornbusch and Park (1999) also recommend a BBC (band + basket + crawl) type 
exchange rate regime for East Asia. Frankel (1999) suggests that no single currency 
regime is right for all countries at all times.  
 
                                                 
1  Refer to Reinhart and Rogoff (2002) for de facto exchange rate regimes of some 
selected East Asian countries during the 80s and 90s. See Appendix Table 2.2.  
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 On the other side of the coin is the disagreement among economists on whether 
East Asia is a yen bloc or a dollar bloc. McKinnon and Schnabl (2004a, b) suggest that 
nine East Asian countries2 should peg to the US dollar and form a dollar bloc which 
Japan should consider joining. Frankel and Wei (1994) provide evidence that the US 
dollar accounts for a dominant weight of over 80% in the currency basket of the 
exchange rates of East Asian currencies while the yen accounts for just less than 10%. 
They find no evidence in support of a yen bloc in East Asia. Kwan (2001) stands opposite 
to McKinnon and Schnabl (2004a, b) or Frankel and Wei (1994). He argues that the 
widely fluctuating yen-dollar exchange rate undermines the macroeconomic stability of 
the region when most East Asian countries peg to the US dollar. An optimal solution is 
for the region to peg to a common basket of currencies in which the yen assumes a 
substantial weight. Such a symmetric policy change in exchange rate regimes by all East 
Asian countries will pave the way for the formation of a yen bloc. Ito, Ogawa, and Sasaki 
(1998) develop a novel model in which the optimal basket weight that will minimize the 
fluctuation of the growth rate of trade balance is derived. They find that the optimal 
weight of the yen should be significantly higher than the actual rate. 
 Another line of research on the optimal exchange rate regimes in East Asia is 
motivated by the theory of the optimum currency area (OCA). An optimum currency area 
is an economic domain in which member countries are better off adopting a common 
currency as their single legal tender, such as the euro, or having their currencies pegged 
irrevocably to each other while allowing them to float jointly against currencies outside 
the domain, such as the European Monetary Union before 2002. Seminal work initiated 
by Mundell (1961), McKinnon (1963) and Kenen (1969) suggests that an optimum 
currency area is desirable if member countries are subject to similar macroeconomic 
shocks, trade relatively intensively with each other and are relatively well-diversified in 
their domestic economic structures. In a financially integrated world with a high degree 
of capital mobility across country borders, countries that join a currency union by 
                                                 
2  The nine East Asian countries in McKinnon and Schnable (2004a, b) refer to China, 
Hong Kong (SAR of China), Indonesia, Korea, Malaysia, Philippines, Singapore, Taiwan 
(Province of China), and Thailand. 
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pegging their currencies to some anchor currency relinquish their monetary autonomy3. 
Hence, similarity of shocks has important implications in that the more similar shocks are 
among the member countries or the more synchronized their business cycles are, the 
better a common monetary policy works for the entire region to tackle macroeconomic 
shocks. 
 Bayoumi and Eichengreen (1994, 1999) provide empirical evidence on the 
potential of an optimum currency area in East Asia by examining the degree of symmetry 
of shocks between potential member countries. Higher correlations of supply shocks and 
higher correlations of demand shocks are taken as indicators of higher degrees of 
symmetry between any two countries. They conclude that on standard optimum currency 
area grounds, East Asian economies are as plausible candidates for internationally 
harmonized monetary arrangements as the economies in the European Union. They find 
two potential currency blocs in East Asia: one including Japan, Korea and Taiwan, the 
other including Hong Kong, Indonesia, Malaysia, Singapore, and possibly Thailand. 
They further point out that what may be hindrances for East Asian countries to form a 
currency union are the less well developed financial systems and the weaker political 
cohesion and cooperation among the regional economies. 
 Alesina, Barro and Tenreyro (2002) argue that a better OCA criterion that rests on 
the degree of symmetry of shocks is not the correlation of shocks, per se, but rather the 
variance of the host country’s output expressed as a ratio to that of the anchor country’s 
output. Specifically, a joint monetary policy (of an OCA) is desirable if the common 
shocks account for a larger share in the host’s total disturbances.  
 Chow and Kim (2003) address this empirically. In an innovative three-variable 
structural VAR model, they assume that domestic output growth is subject to three types 
of structural shocks: country-specific, regional, and global. Japan and the US are taken as 
the regional proxy and the global proxy, respectively. Variance decompositions provide 
shares of the three types of shocks in total disturbances of the domestic output growth of 
a country. They find that country-specific shocks dominate the three types of shocks for 
                                                 
3 According to the “impossible trinity” theory in international finance, a country can 
choose only two of the three – capital mobility, fixed exchange rate regime, and monetary 
autonomy at any time, but not all of them.  
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most East Asian countries and conclude that a common currency peg in East Asia would 
be difficult to sustain. 
 Ahmed (2003) and Hoffmaister and Roldos (1997) analyze the business cycles in 
Latin America and/or East Asia, and draw implications for the choice of exchange rate 
regimes in panel VAR models. Hoffmaister and Roldos (1997) find that in East Asia 
output fluctuations are driven mainly by local supply shocks.   
 This study is meant to provide new empirical evidence to the three puzzles of the 
choice of exchange rate regimes in East Asia: 1) According to the symmetry of shocks 
proposition of the OCA theory, which exchange rate regime is more appropriate, a float 
or a fix, to the East Asian countries examined here? Is there a case for a basket currency 
peg? 2) Is East Asia a yen bloc or a dollar bloc? 3) Is it desirable for East Asia to pursue a 
currency union arrangement like the euro zone?  
 To address these puzzles, this paper explores the feasibility of various pegging 
arrangements for nine East Asian countries4 by studying the symmetry of shocks between 
each country and its potential anchor(s). We estimate a six-variable structural vector 
autoregressive model, using the small open economy (SOE) assumption and the 
Blanchard and Quah (1989) long run restriction to identify the structural shocks. We 
examine to what extent disturbances in the domestic output of a small open economy in 
East Asia are driven by the following six shocks: foreign supply (productivity) shock, 
foreign monetary shock, and other foreign demand shocks from the SOE’s external 
anchor, domestic supply shock, domestic fiscal shock, and other domestic demand shocks. 
Variance decompositions are taken as the indicator of the degree of symmetry between 
the SOE and its anchor(s). Anchors taken are the US or Japan for the single-currency-peg 
considerations; and three regional-proxies economies constructed for the basket-
currency-peg considerations.  
We find a lack of symmetry of shocks between a typical East Asian country and 
its potential anchor(s). In both arrangements of the single-currency pegs and the basket-
                                                 
4  These nine countries are China, Hong Kong (SAR of China), Indonesia, Korea, 
Malaysia, Philippines, Singapore, Taiwan (Province of China), and Thailand. Japan is 
considered in one case as an anchor. The nine countries (except Japan) are also referred 
to as “EA9” as a group in this paper. We may also refer a country in this group as “an 
EA9 economy” occasionally.   
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currency pegs, country-specific shocks dominate the disturbances in domestic output. Our 
main findings are as follows. 1) There does not exist a strong case for fixed exchange rate 
arrangements in East Asia. 2) East Asia is neither a yen bloc nor a dollar bloc. And 3) an 
optimum currency area does not exist in East Asia incorporating all countries including 
Japan and/or the US, but subsets of them may become feasible in the long run5.    
 The rest of the paper is organized as follows. Section 2 lays out the estimation 
model. Section 3 discusses the data and the variable issues. Section 4 presents and 
interprets the empirical results for the baseline model and compares them with the 
existing literature. Section 5 examines the robustness of the results. Section 6 concludes. 
 
2.2 Empirical Model  
We assume that each East Asian economy can be described by the following 
structural model: 
(1)    tt LAAx ε)(0 +=      
where },,*,*,*,{ prypmyx =  refers to the data vector in log forms. The six variables are: 
foreign output, foreign money supply, foreign price level, domestic output, domestic real 
exchange rate, and domestic price level, respectively. The three foreign variables are 
marked with *. Take Korea as an example. When the US is considered the anchor, the 
external variables are the US output, the US money supply, and the US price level, 
respectively; domestic variables are the Korean output, the Korean real exchange rate, 
and the Korean price level, respectively. When a regional-proxy economy is taken as the 
anchor, the three domestic variables are the same, while the external variables become 
the constructed output, money supply and price level of that regional proxy.  
 A0 is the vector of intercepts. A(L) is a lag polynomial matrix and 
( ) ...2,2,1,0 +++= LaLaaLA jkjkjkjk  gives the dynamic effects of the k-th structural shock 
on the j-th endogenous variable at various lags. },,,,,{ *** Dt
F
t
S
t
D
t
M
t
S
tt εεεεεεε =  is a 
vector of i.i.d. structural shocks and .]'[ IE =εε  The external shocks are foreign 
                                                 
5 Frankel and Rose (1998) find evidence for the endogeneity of the optimum currency 
area criteria, that is, countries that trade more intensively would become more 
synchronous in their business cycles.    
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productivity shocks, foreign monetary shocks, and other foreign demand shocks, 
respectively. The domestic shocks are domestic productivity shocks, domestic fiscal 
shocks, and other domestic demand shocks, respectively. The real exchange rate is used 
as an instrument for the fiscal policy spending in this study à la Hoffmaister and Roldos 
(1997, 2001)6.  
 In matrix form, our model can be expressed as: 
(2)    
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 To fully identify the structural shocks, we rely on three main assumptions7: 1) the 
small open economy (SOE) assumption; 2) the Blanchard and Quah (1989) long run 
identification restriction; and 3) the orthogonality of the structural shocks. These 
assumptions imply that the A(L) dynamic responses matrix has the following form in the 
long run:   
                                                 
6 Hoffmaister and Roldos (1997, 2001) find that changes in real exchange rates are driven 
mainly by fiscal shocks in East Asia. In Hoffmaister and Roldos (1997), fiscal shocks, εf, 
are identified indirectly as shocks that do not have a persistent effect on the long-run 
level of output but have a long-run influence on the real exchange rate. An empirical test 
by Hoffmaister and Roldos (1997) then shows that the “fiscal” shocks identified in such a 
manner do reflect fiscal spending shocks in his sample, which includes all nine East 
Asian countries that are examined in this study during a comparable period of time. 
Hence, we borrow their use of the real exchange rate as our fiscal policy instrument. In 
the domestic variable block we do not use the money supply variable in a symmetric way 
with the foreign block because according to the Mundell-Fleming model, monetary 
policies are ineffective while fiscal policies are effective under the fixed exchange rate 
regimes that most East Asian countries adopted over the period we are studying.  
7  These three assumptions: long-run identification restrictions, small open economy 
assumption, and the assumption of the orthogonality of structural shocks, are used in 
Chow and Kim (2003), Hoffmaister and Roldos (1997, 2001), and Bayoumi and 
Eichengreen (1994, and 1999), just to name a few in the literature. 
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(3)  
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 The SOE assumption implies that domestic shocks do not have persistent impacts 
on foreign variables in the long run8. In addition, we assume block exogeneity9 on the 
three foreign variables, that is, we assume that domestic shocks do not enter the foreign 
equations in the short run either. This corresponds to the nine zeros in the northeastern 
quadrant of A(1).  On the other hand, shocks emanating from the anchor economy are 
allowed to influence the small open economy both in the short run and in the long run. 
Hence, the southwestern quadrant of A(1) is nonzero. 
 The zeros in the northwestern and southeastern quadrants of A(1) are based on the 
standard macroeconomic theory. That is, nominal shocks such as changes in the 
aggregate money stock or the general price level do not have long run effects on the 
output, neither do fiscal shocks. In the long run, output is only affected by shocks such as 
technological changes, accumulation of capital stock, or changes in the total labor stock. 
Hence, A(1)12, A(1)13 , A(1)45, and A(1)46 are equal to zero.  
 The aggregate money stock is affected permanently by productivity shocks and its 
own shocks (e.g., technological improvement in payment methods), but not by nominal 
shocks such as the price level. Thus, A(1)23 is zero. 0)1( 56 =A  indicates that domestic 
price level does not have a permanent impact on the real exchange rate. This holds if we 
assume that the purchasing power parity holds in the long run10. In addition, the real 
                                                 
8 Refer to Hoffmaister and Rodols (1997, 2001) for the motivation for some of the long 
run identifying restrictions used here in a small open economy model.  
9 Statistical evidence supports the assumption of block exogeneity. Results of the block 
exogeneity tests for all cases are reported in Appendix 2.3.  
10 The literature has documented opposing evaluations of the purchasing power parity. 
One side supports PPP as a true equilibrium relationship in the long run, such as Shively 
(2001) and Aggarwal et al (2000). The other side believes that PPP may not hold, such as 
Engel (2000). In this study, we assume that PPP holds in the long run, so that any 
inflation will be reflected in the nominal exchange rate, so that real exchange rate is not 
affected in the long run.     
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exchange rate is taken as the instrument for fiscal spending in this model. We assume that 
in the long run, fiscal spending only responds to productivity shocks and its own shocks, 
but not nominal shocks.   
In the long run, the foreign price level may be affected by all three foreign shocks, 
namely, foreign productivity shock, foreign monetary shock and other foreign demand 
shocks. Domestic price level is influenced by all three domestic shocks. In addition, the 
SOE assumption implies that all three domestic variables are influenced by all three 
foreign shocks in the long run.    
 To obtain the dynamic A(1) matrix in (3), we first estimate the reduced form VAR 
and obtain the Wold representation of the model as follows: 
(4)11     tt uLBAx )(0 +=      
where tu  is the vector of estimated white noise residuals and ( ) Σ='ttuuE . Let tt Cu ε0= . 
Identifying the 36 elements in the 6x6 C0 matrix helps identify A(1) since A(1) = B(1)C0. 
The 15 zeros in the upper quadrant of A(1) give us 15 identification equations, according 
to the Blanchard and Quah (1989) long run restrictions and block exogeneity of foreign 
variables. Orthogonality of the structural shocks implies that ( ) '00' CCuuE tt =Σ= . Since 
Σ  is symmetric, the 15 off-diagonal elements plus the 6 elements along the diagonal give 
us the other 21 identification equations. With 36 equations in 36 unknowns, we can solely 
solve for C0.  
 
2.3 Data 
Annual data of the real GDP (for output – y), the M2 (for money supply – m), the 
consumer price index (CPI, for price level – p) and the nominal exchange rate (in 
                                                 
11 To obtain the structural shocks, s'ε , we first estimate the vector autoregressive model 
of xΔ , assuming some order p, that is, estimate the reduced form VAR as the follows: 
(5)   tptpttt uxxxx +Δ++Δ+Δ+=Δ −−− ββββ ...22110     
Rearranging (5), we get  
(6)   tt
p
p uxLILLLI +=−−−−− 0
2
21 ))(...( ββββ , and let    
(7)   1221
1 )...()()( −− −−−−−= pp LLLILILB βββ .  
Pre-multiplying both sides of (6) by )(LB , we get equation (4), where ,)( 00 βLBA =  
and tt LAuLB ε)()( = . 
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US$/national currency) over 1960-2002 are obtained from the International Financial 
Statistics of the IMF and the World Development Indicator of the World Bank. The real 
exchange rate12 - r – is calculated by multiplying the nominal exchange rate by the ratio 
of domestic CPI to the US CPI. Taiwan data are from domestic sources. Bilateral trade 
data of all eleven countries with each other in 1995 are obtained from the Direction of 
Trade Statistics of the IMF13. 
 Popular views regarding exchange rate arrangements in East Asia include a dollar 
bloc view, a yen bloc view, and an optimum currency area view. Accordingly, we 
consider two cases for the single-currency pegs, and three cases for the basket-currency 
pegs.     
For the single-currency pegs, we take either the US or Japan as the potential 
anchor of an East Asian economy. We examine whether an East Asian economy is more 
symmetric in macroeconomic shocks with the US or Japan. For these two cases, data are 
immediately available for estimation.  
 For the basket-currency pegs, we take into account not only the Japanese yen and 
the US dollar – the two most influential currencies in the region – but local currencies as 
well. That is, we examine the degree of symmetry in macroeconomic shocks between an 
East Asian economy (an EA9 country) and a proxy economy which is constructed by 
countries the currencies of which will be considered in the peg basket. Although East 
Asia has seen increased intraregional trade in the past few decades, a large volume of 
trade still occurs in raw materials or semi-finished products. Finished products are largely 
                                                 
12 The real exchange rate is defined to be ),/*( USEA PPE where E is the nominal exchange 
rate expressed as the number of US dollars per domestic currency, EAP  is the domestic 
CPI of an East Asian country, and USP  is the US CPI.  
13 For Japan and the US, M2 is used as the money stock. For all other East Asian 
countries, the money stock is “money plus quasi-money”, also obtained from the IFS of 
the IMF. Since some East Asian economies adopted the M2 definition of money at a 
much later date and hence data of the M2 variable are not complete for the entire period 
of study. The money stock data for the East Asian economies are mainly used to compute 
the money stock variable of the regional proxy economies for the basket-currency pegs. 
For China and Hong Kong, GDP deflator is used due to insufficiency of the CPI data. 
Data of most countries are available for the entire period over 1960-2002. Exceptions are: 
the CPI data are available over 1966-2002 for Korea; the money stock data are available 
over 1977-2002 for China and over 1969-2002 for Indonesia; the real exchange rate data 
are available over 1967-2002 for Indonesia and over 1966-2002 for Korea.  
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exported outside the region (Glick, 2005). This makes the East Asian countries not only 
interdependent but also competitors to each other. Hence, in designing the currency peg 
basket, it is also wise to account for currencies of local competitors. In this spirit, we 
consider three proxy economies for each EA9 country, EA1, EA2 and EA3, respectively.  
For each EA9 economy, EA1 refers to the proxy regional economy which is 
composed of Japan and the EA9 economy’s three largest trading partners within the EA9 
region; EA2 includes the US and the three largest trading partners from the region; and 
EA3 includes both the US and Japan together with the three largest regional trading 
partners. These designs also help clarify whether the East Asia is more a yen bloc (EA1) 
or a dollar bloc (EA2) or a yen-dollar bloc (EA3) according to the degree of symmetry in 
macroeconomic shocks. 
 Variables of the output (y*), the money stock (m*) and the price level (p*) of 
these proxy anchors for each East Asian economy are then computed as the geometric 
trade-weighted averages of the variables of individual countries in each basket. The 
weights are trade shares14 computed from the data of the 1995 bilateral trade. Take Korea 
as an example, in computing the EA1 output (y*EA1) for Korea, we first identify its three 
largest trading partners within the EA9 region to be China, Hong Kong, and Singapore. 
Trade with these three economies and Japan accounted for 19%, 13%, 10%, and 57%, 
respectively, of Korea’s total trade with them. Accordingly, the EA1 output - y*15 for 
Korea – is constructed to be the geometric trade-weighted average of the output of China, 
Hong Kong, Singapore, and Japan, weighted by 0.19, 0.13, 0.10 and 0.57, respectively. 
All other variables for the three proxy economies are constructed in a similar manner. 
 One caveat remains. Arbitrarily, country weights are fixed to be the trade shares. 
According to Frankel and Rose (1998), countries that trade more intensively tend to 
                                                 
14 Detailed information of trade shares and major trading partners of each country in each 
case is reported in Appendix 2.4.  
15 Here is the formula used to construct the proxy variable in the example: 
,lnlnlnln*ln 44332211 yyyyy αααα +++=  where *y  is the output variable of EA1 
for Korea;  321 ,, yyy  and 4y are the real GDP of China, Hong Kong, Singapore and 
Japan, respectively; 321 ,, ααα and 4α are the trade shares in the value of 0.19, 0.13, 0.10 
and 0.57, respectively. To compute the money supply- *m  and the price level- *p , just 
replace y with m or p in the same formula.  
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become more synchronous in business cycles. Heller (1978) also finds that trade shares 
are important to the choice of an appropriate peg for a country. However, as capital 
account transactions increase with the deepening of financial liberalization in East Asia, 
capital flows across countries may also affect the synchronization of business cycles 
among the East Asian economies as much as international trade does. As a result, volume 
of capital flows may be at least as important as trade flows in determining exchange rate 
regimes16 (Heathcote and Perri, 2004).  
 
2.4 Empirical Results 
The baseline model is estimated with 2 lags17. The percentages of the k-step ahead 
forecast error variance of the output of each East Asian economy explained by various 
shocks, internal and external, are reported at the 2- and 10-year horizons. The sums of 
foreign shocks and domestic shocks are also provided. Higher values of total foreign 
shocks indicate more symmetry and a higher feasibility for a pegging exchange rate 
arrangement between the East Asian economy and its anchor. In the rest of this section, 
we will discuss the results in the following order: 1) single currency pegs, when an East 
Asian economy pegs to either the Japanese yen or the US dollar; and 2) basket currency 
pegs, when it pegs to a basket of currencies of the regional proxy economies – EA1, EA2, 
and EA3, respectively.    
 [Table 2.1a about here] 
                                                 
16 Heathcote and Perri (2004) find that financial globalization is intimately related to 
changes in the correlation of international business cycles. In particular, an increasing 
international asset trade is associated with less international co-movement using the US 
data over the past 30 years.     
17 All variables enter the estimation in the first-differences. Unit root tests show that most 
series contain unit roots in the levels but are stationary in the first differences. Refer to 
the Appendix 2.1 for the unit root test results. Two lags are chosen by Hoffmaister and 
Roldos (1999) for the annual data in their panel VAR. The number of lags in this study is 
also tested with the Akaike Information Criterion (AIC) and the Schwarz Information 
Criterion (SBC). For the single-currency pegs, 3 or 4 lags are marginally better than 2. 
For the basket-currency pegs, the appropriate number of lags varies. Given the large 
number of cases, I simplify the estimation by setting 2 lags for all cases, while checking 
for the robustness of the results in section IV. The lag length test results are reported in 
the Appendix 2.5.     
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 Table 2.1a reports variance decompositions of each East Asian economy when the 
US is taken as the anchor. For most East Asian economies, domestic shocks dominate 
their output variances. In most cases, total domestic shocks account for 70-90% and total 
external shocks account for 20-30% of total shocks to the domestic output of the East 
Asian economy in both the short run and the long run. Take Singapore as an example, 
total domestic shocks account for 75.9% in the short run and 63.6% in the long run of its 
total output variances. Among domestic shocks, supply shock explains 68.5% in the short 
run and 62.4% in the long run. Malaysia may be a borderline exception, for which all 
external shocks explain 52.1% of total output change in the long run. These results imply 
a relative asymmetry of shocks between the East Asian economies and the US. 
[Table 2.1b about here] 
 Table 2.1b reports results with Japan being the anchor. In the short run, total 
domestic shocks dominate and explain 60-90% of output variances for all East Asian 
economies. In the long run, total Japanese shocks explain more than 50% of the total 
shocks for Indonesia, Korea and Taiwan; and 46.9% for Hong Kong. For Korea and 
Taiwan, Japanese productivity shock exceeds domestic productivity shock in the long run. 
In Korea, Japanese productivity shock explains 49.2% of total output variance versus the 
44.8% of the domestic productivity shock. In Taiwan, Japanese supply shock accounts 
for 48.7% of total output variance versus the domestic supply shock of 23.4%. This 
indicates that Korea and Taiwan have a potential to become more symmetric in 
macroeconomic shocks to Japan. In Hong Kong, the Japanese supply shock of 39.7% is 
close enough to the domestic supply shock of 41.2%. For Singapore, the importance of 
foreign productivity shock also increases substantially in the long run, explaining about 
35% of total output variances. Hong Kong, Korea, Singapore, and Taiwan are known as 
the newly-industrialized economies in East Asia, or the “Tigers”, after their rapid 
economic growth during the late 70s and 80s. As can be seen here, the “Tigers” are 
among the countries that become most synchronized in business cycles with the Japanese 
economy. Kwan (2001) proposes that a yen bloc should be formed in East Asia among 
Japan and the NIE countries first, followed by ASEAN countries and China. Our findings 
look consistent with this proposition in the long run. 
 
 17
In Indonesia, though total Japanese shocks exceed total domestic shocks – 51.7% 
versus 48.2% in the long run, it is the Japanese demand shock rather than its productivity 
shock that explains most of the influence of Japan on Indonesia. On the supply side, 
Indonesia remains idiosyncratic.  
 In summary, our results imply a lack of symmetry in shocks between a typical 
East Asian economy and the US. However, there seems to be a slightly greater influence 
of the Japanese economy in the region than the US economy in the long run, especially 
between the Japanese economy and the NIEs.  
 Ever since the collapse of the Thai baht peg to the US dollar during the 1997 
financial crisis, economists have discussed the option of having the currencies of the East 
Asian economies peg to a basket of currencies, among them are Williamson (2000) and 
Dornbusch and Park (1999). In practice, the euro zone countries had their currencies peg 
to each other under the Exchange Rate Mechanism during the 80s and 90s, paving the 
way to the European monetary integration at the beginning of the 21st century. Heller 
(1978) finds that trade plays an important role for the choice of a currency peg. He finds 
that a country that trades more intensively with the US should peg to the dollar, and a 
country that trades more intensively with Germany should peg to the mark. Most of the 
East Asian countries share a mixed history of trading more with countries outside the 
region at earlier times and with countries within the region in recent decades, the choice 
of the currency peg is more ambiguous. Glick (2005) has pointed out several economic or 
political differences between the ways towards monetary integration in Europe and in 
East Asia. One economic difference is that East Asia does not have an obvious internal 
anchor as Europe did. In East Asia, it is hard to tell whether Japan – the most powerful 
economy in the region – could play the role of Germany in EMU during the integration. 
Another difference is that the East Asian countries, while becoming more interdependent, 
remain to be major competitors to each other in foreign trade because of the widespread 
export-oriented growth policies in the region. Both the US and Japan have enormous 
economic presence in East Asia. Does this imply that over time the East Asian economies 
have become more synchronous in business cycles with the rest of the region that 
experiences substantial influences from the US or Japan? We will explore answers to the 
question via three basket-currency pegs. Table 2.2 reports the results for the three cases. 
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[Table 2.2a about here] 
In the first case for the basket-currency peg, we examine the degree of symmetry 
in shocks between each EA9 country and its EA1 regional proxy economy, which is 
composed of Japan and the three largest trading partners of the EA9 economy within the 
region. We find that total foreign shocks exceed total domestic shocks for only Indonesia 
and Taiwan in the short run, and for Hong Kong, Singapore, and Taiwan in the long run. 
Considering productivity shocks alone, we notice that for all economies except Taiwan, 
domestic productivity shock exceeds foreign productivity shock in both the short run and 
the long run. For Taiwan, foreign and domestic supply shocks are 50.4% and 39.1%, 
respectively in the short run, and 52.3% and 12.7%, respectively in the long run. This is 
consistent with the results of Taiwan’s single currency peg with Japan, where the 
Japanese supply shock exceeds domestic supply shock in the long run. Our results point 
to a general lack of symmetry in shocks between a typical EA9 economy and the Japan-
oriented East Asia except for Taiwan.  
[Table 2.2b about here] 
 In Table 2.2b, we show the results for the EA2 case, where the relative symmetry 
of shocks is examined between an East Asian country and the proxy economy EA2, 
which is composed of the US and the EA country’s three largest trading partners within 
East Asia. For an EA9 economy, the regional anchor EA2 is dominated by the US 
influence with potential influence of its three local competitors. In the short run, total 
domestic shocks dominate in explaining the output variances for all EA9 economies. In 
the long run, total foreign shocks exceed total domestic shocks for Hong Kong and 
Indonesia. On the supply side, foreign productivity shock beats domestic productivity 
shock for Hong Kong and Indonesia in the long run. Though East Asian countries trade 
intensively with the US, we find in general a lack of symmetry in shocks between any 
East Asian economy and the rest of the region with substantial US economic presence.  
[Table 2.2c about here] 
 The third basket-currency peg anchor, EA3, takes both the US and Japan into the 
basket together with its three local competitors for any East Asian economy. The results 
are shown in Table 2.2c. In the short run, total domestic shocks dominate in all countries 
except Taiwan. In the long run, total foreign shocks surpass total domestic shocks for 
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Hong Kong, Singapore, and Taiwan. In Taiwan, total foreign shocks explain 50.6% in the 
short run and 77.5% in the long run of its output variances. On the supply side, foreign 
productivity shock exceeds domestic productivity shock only for Hong Kong and Taiwan 
in the long run – foreign and domestic supply shocks are 47.7% and 25.5%, respectively 
for Hong Kong, and 37.4% and 15.5%, respectively for Taiwan. As in previous cases, we 
have found asymmetry in shocks with the Japan-US-oriented East Asia for most East 
Asian countries.   
[Table 2.3 here] 
 Table 2.3 summarizes the main results of all cases discussed above – both single-
currency pegs and basket-currency pegs from the baseline model. In each case, we 
provide a list of countries for which total foreign shocks exceed total domestic shocks 
and foreign supply shock exceeds domestic supply shock in both the short run and the 
long run. 
 Under single-currency pegs, none of the East Asian countries shows symmetry in 
shocks with the US in either the short run or the long run; while Korea and Taiwan are 
found to be relatively symmetric in shocks with the Japanese economy in the long run. 
Under basket-currency pegs, Taiwan is found more symmetric in shocks with the Japan-
dominant EA1 economy in both the short run and the long run; Hong Kong and Indonesia 
may be more symmetric in shocks with the US-dominant EA2 economy in the long run; 
and Hong Kong and Taiwan may be compatible with the US-and-Japan-dominant EA3 
economy in the long run. Among all cases under both single-currency pegs and basket-
currency pegs, only Taiwan is found more symmetric in shocks with a Japan-dominant 
EA1 regional economy, most others are subject to idiosyncratic shocks. Our results point 
towards the following conclusions: 1) if the symmetry of macroeconomic shocks are 
indeed as critical a criterion for a country to choose its peg anchor as it is implied by the 
optimum currency area theory, most East Asian countries examined here should consider 
more flexible exchange rate regimes against either the Japanese yen or the US dollar, 
especially in the short run; and 2) in the long run, Taiwan seems better compatible in a 
yen bloc, and Hong Kong and Indonesia may join a dollar bloc.  
 Our results are comparable with those in the existing literature. Our major finding 
is that most East Asian countries experience idiosyncratic shocks with their US or Japan 
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or the US- or Japan-dominant regional anchors. This can be found with Hoffmaister and 
Roldos (1997) and Chow and Kim (2003). Using a 15-country panel VAR model, 
Hoffmaister and Roldos (1997)18 find that business cycles in Asia are mainly driven by 
internal supply shocks while using the US as the external anchor. In a three-variable 
VAR model where the US is taken as the global anchor and Japan is taken as the regional 
anchor, Chow and Kim (2003) find that country-specific shocks dominate. Bayoumi and 
Eichengreen (1994, 1999) also provide empirical evidence on the potential for East Asia 
to form an optimum currency area. Using a novel two-variable VAR model, they obtain 
the correlations of structural supply shocks and the correlations of structural demand 
shocks between each pair of countries in East Asia. They find two groups of Asian 
countries among which aggregate supply shocks are significantly correlated: Japan, 
Korea, and Taiwan; and Hong Kong, Indonesia, Malaysia, and Singapore. Though their 
findings seem more optimistic than ours, there does exist consistency between the two 
studies. Their first group coincides with our findings of the countries that may prefer to 
peg to the yen or the yen-dominant currency basket; their second group (except 
Singapore) coincides with our findings of the countries which may prefer to peg to the 
dollar or the dollar-dominant currency basket in the long run.    
 
2.5 Robustness Analysis 
 In the previous section, we have examined the degree of symmetry of shocks 
between each East Asian economy and its five possible anchors to study the choice of 
exchange rate regimes in East Asia. Specifically, our study focuses on understanding 
whether an ideal peg anchor for an East Asian economy exists among the US dollar, the 
Japanese yen, and the three baskets of currencies which are weighted more heavily on the 
dollar, or the yen, or both, with consideration given to the currencies of its local 
competitors as well. We have obtained similar results for the single currency pegs and the 
                                                 
18 The Hoffmaister and Roldos (1997) model has five variables: world real interest rate, 
terms of trade, domestic output growth, real exchange rate, and domestic inflation. The 
15 Asian countries are the nine countries in our sample plus Bangladesh, India, Myanmar, 
Nepal, Pakistan, and Sri Lanka. Their data ranges from 1970 to 1993. In estimation, they 
impose block exogeneity on foreign variables and use Blanchard and Quah (1989) long 
run restriction to identify the structural shocks.  
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basket currency pegs. Generally, we have found a lack of symmetry of shocks between 
the East Asian economies and their anchors, indicating that East Asia incorporating all 
countries is not an optimum currency area and hence irrevocable pegs to each other by 
countries within the region is yet to be a mature option. However, Taiwan is found 
symmetric in shocks with some Japan-dominant economic bloc, while Hong Kong and 
Indonesia are found weakly symmetric in shocks with some US-dominant bloc in the 
long run. In this section, we will examine the robustness of these results based on the two 
basket-currency pegs with EA1 and EA2 being the peg anchors.     
We will consider the following alternatives: 1) different number of lags; 2) two 
different model specifications; 3) a vector error correction model; and 4) panel data 
analysis19. Table 2.4 reports the results for the first three alternatives. Table 2.5 reports 
the results for the panel data analysis.  
[Table 2.4 about here] 20 
 The first alternative is to re-estimate the benchmark model with different numbers 
of lags whenever applicable. The benchmark results are based on estimations with 2 lags. 
The Akaike Information and Schwarz Information criteria marginally choose 3 lags over 
2 for the single-currency pegs21. For the basket-currency pegs, the number of lags varies 
by country, with the possible number of lags ranging from 1 to 4. Thus, we re-estimate 
the model using 3 lags for the single currency pegs, and 1, or 3, or 4 lags for the basket 
                                                 
19 Several East Asian countries experienced the financial crisis over 1997-1998. Among 
the most affected countries are Thailand, Korea and Indonesia. The repercussions also 
affected Malaysia, the Philippines, and Hong Kong with a lesser extent. The rest of East 
Asia was relatively unaffected. To see whether there is a financial crisis effect in our 
results, we have also examined the sub-period over 1960-1997. For the single currency 
pegs, our results show little difference from those using the entire sample period of 1960-
2002 except that the sum of all US shocks is somewhat higher for Korea and Indonesia 
than that in the benchmark results. For the basket currency pegs, variance decompositions 
of total foreign shocks fluctuate slightly above or below the benchmark results for several 
countries. However, major predictions are not affected. Hence, the financial crisis effect 
is not a problem that may overturn our main conclusions. The results are available upon 
request.   
20 Full results are available upon request.  
21 We have also tried 4 lags for the cases of the single-currency pegs. 4 lags do not 
perform as well as lags 2 or 3, in that, 4 lags seem to overestimate the total external 
shocks in the longer horizon. For the short horizons, the variance decompositions are 
similar to those from estimation with 2 lags or 3 lags. Results are available upon request. 
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currency pegs for different countries. The results are shown in the first two columns of 
Table 2.4. As can be seen, they do not change qualitatively from the benchmark results. 
 The second alternative is to estimate a different model in the form of )*,( yy 22. 
This model simplifies the benchmark model into a two-variable VAR, consisting of only 
the foreign output and the domestic output. The same model can be found in Chow and 
Kim (2003), except that the external anchor has been constructed differently. In one case, 
Chow and Kim (2003) define the external *y  as the geometric weighted average of the 
output of Germany, Japan, and the US, weighted by 0.3, 0.3, and 0.4, respectively. In the 
other case, it is defined as the US output. For our *y , we have taken into account not 
only the US output or the Japanese output, but also the output of local competitors, as 
defined in EA1, EA2, and EA3. Though the simplified two-variable VAR model may 
aggregate different shocks, it does provide some rough information of the relative 
importance of foreign shocks to the domestic output variance. As can be seen in columns 
3 and 4 of Table 2.4, results are qualitatively similar to the benchmark. One possible 
exception is Singapore, the short run influence of EA1 exceeds 50%, making Singapore 
more symmetric in shocks to the EA1 economy, while the benchmark model predicts 
differently. Another difference is found with Hong Kong, for which, the influence of both 
the US and Japan has been underestimated in this simplified model. One possible 
explanation is that Hong Kong has maintained a currency board to the US dollar, hence, 
foreign monetary shock and other foreign nominal shock that may have persistent 
influence on Hong Kong may have been attributed to permanent domestic shocks due to 
the lack of money supply or inflation information in this model.   
The third alternative is to estimate a four-variable VAR model in the form of 
).,*,*,( pypy  The idea is borrowed from Bayoumi and Eichengreen (1994, 1999) and 
the model is a modified version of the Bayoumi and Eichengreen model by estimating the 
demand and supply shocks of both the foreign anchor and the small open economy in one 
integrated framework. Columns 5 and 6 of Table 2.4 report the results. Comparing the 
results with the benchmark, we observe one difference that the influence of the US or 
Japan may be underestimated for Hong Kong as it is in the previous model. The same 
                                                 
22 The two alternative models – )*,( yy and ),*,*,( pypy are estimated under the same 
assumptions as the baseline model and are estimated with 2 lags.  
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explanation applies here. For all other countries, the results are quite comparable with the 
benchmark.   
[Table 2.5 about here] 
 The fourth alternative is to estimate a vector error correction model (VECM) by 
including a vector error correction term to the benchmark model. This is to account for 
the possible co-integration relationship among the variables. Lag length is determined by 
the AIC and the BIC criteria. Variance decompositions of foreign shocks tend to be 
smaller for all cases, especially in the short run; however, they remain qualitatively the 
same as the benchmark. Table 2.5 compares and contrasts the complete results of the 
baseline model and the VECM model. Similarities are: 1) most East Asian countries 
appear to be subject to asymmetric shocks to their foreign anchors, and 2) Taiwan seems 
to be symmetric in shocks with Japan or the Japan-dominant regional economy.  
 [Table 2.6 about here] 
 The last alternative is to re-estimate our baseline model in a panel setting. Our 
panel contains nine (EA9) countries with annual observations ranging from 1960 to 
2002 23 . Potential external anchors are the US, Japan, EAP1, EAP2, and EAP3, 
respectively. The three regional economies are defined in a similar fashion24. Williamson 
(2000) suggests a common currency basket which should include the US dollar, the 
Japanese yen, and the euro, weighted by 0.4, 0.3, and 0.3, respectively. The common 
currency baskets discussed here are made up of the yen and/or the dollar together with all 
local currencies with weights determined by their contributions to total regional trade. 
Our results show that when the US or Japan serves as the anchor, total foreign shocks do 
not exceed 10% of total output disturbances of the EA9 region; when the regional proxy 
economies serve as anchors, total foreign shocks do not exceed 34% of total shocks. 
                                                 
23 An exception is Korea, the data of which ranges from 1966 to 2002. 
24 All regional proxy variables - **,*, pmy - are constructed to be the geometric trade-
weighted averages of the variables of all countries in each basket. Accordingly, EAP1 
includes Japan and all EA9 countries. EAP2 includes the US and all EA9 countries. And 
EAP3 includes Japan, the US, and all EA9 countries. The weights are the shares of 
individual countries’ contributions to total regional trade according to the 1995 trade data. 
In constructing the EAP money supply variables, Taiwan and Hong Kong money supply 
variables are replaced by the US money supply due to the unavailability of data. 
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These results point to the general asymmetry of shocks in East Asia. In sum, our results 
are robust.25  
 
2.6 Conclusion      
In recent years, exchange rate arrangement has been a widely discussed policy 
issue of the macroeconomic cooperation in East Asia. Monetary integration in Europe has 
stimulated interest in research on the possibility of similar arrangements in East Asia. The 
debate focuses on three questions: Is Asian common currency feasible? What role does 
the region’s two most influential currencies – the US dollar and the Japanese yen play? Is 
East Asia a dollar bloc or a yen bloc? Asian Development Bank announced in December 
2005 that it would soon launch a theoretical currency unit26 comprising of a basket of 
Asian currencies from the ASEAN + 327 countries in 2006 in order to further promote 
regional cooperation. Is there any support for this policy action from empirical economic 
analysis? This paper contributes to the evaluations of these considerations.  
In this paper, implications are drawn for the choice of exchange rate regimes in 
East Asia from the investigation of the degree of symmetry in shocks among East Asian 
economies. This study fits in the empirical research in the theory of optimum currency 
area and exchange rate regimes in Asia led by Bayoumi and Eichengreen (1994,1999), 
Benassy-Quere (1999), Chow and Kim (2003), Dornbusch and Park (1999), Hoffmaister 
and Roldos (1997), McKinnon and Schnabl (2003a,b), Williamson (2000), etc. 
 We estimate a six-variable structural VAR model using the small open economy 
assumption. The Blanchard and Quah (1989) long run identification restrictions are used. 
For any East Asian economy, we consider five potential foreign anchors: the US, Japan, 
the Japan-oriented East Asia (EA1), the US-oriented East Asia (EA2), and the Japan-US-
                                                 
25 Most East Asian countries (except Japan) have achieved the most rapid development in 
the recent two decades since the 80s. To see whether East Asia has become more 
symmetric in shocks with the five anchors, we have also examined the sub-period of 
1981-2002 in the panel analysis. The results are very similar to those of the full sample. 
The results are not shown but available upon request.     
26 Asian currency unit – this idea is akin to ECU, the European currency unit, which 
evolved into euro.  
27 The ASEAN + 3 refer to the ten ASEAN member countries plus Korea, Japan, and 
China. 
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oriented East Asia (EA3). A higher variance decomposition of total foreign shocks, 
especially foreign productivity shock, in explaining the total output variance of the East 
Asian economy, indicates a higher degree of symmetry in macroeconomic shocks 
between the East Asian economy and its foreign anchor, and that it is more desirable for 
the East Asian economy to pursue a relatively rigid exchange rate arrangement against 
the anchor.  
Our results indicate that there is a general lack of symmetry in shocks between 
East Asia and the anchors examined. Hence, more flexible exchange rate regimes against 
the US or Japan are desirable, especially in the short run. We do not find a strong case for 
a dollar bloc or a yen bloc. In the long run, countries such as Korea and Taiwan may 
prefer a yen bloc, Hong Kong and Indonesia may favor a dollar bloc. Similarly, our 
results imply that we should be somewhat conservative with the idea of monetary 
integration in East Asia, at least in the short run. Our results are robust and comparable 
with the main findings in the literature.   
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Table 2.1a Variance Decomposition – the US as the Currency Anchor 
 
the k-step ahead forecast error variance of domestic real GDP 
(Y) explained by 
external shocks domestic shocks 
Countries k 
εS* εM* εD* εS εF εD 
εEXT εDOM 
         
China 2 3.0 9.6 0.1 55.7 12.7 18.8 12.7 87.2
 10 2.5 12.3 11.0 70.0 1.6 2.5 25.8 74.1
Hong Kong 2 0.4 5.1 6.6 67.5 19.9 0.4 12.1 87.8
 10 1.2 26.0 1.5 68.0 3.2 0.1 28.7 71.3
Indonesia 2 12.3 0.2 5.1 81.1 0.7 0.6 17.6 82.4
 10 14.9 1.7 4.0 79.3 0.1 0.1 20.6 79.5
Korea 2 1.5 13.4 1.2 55.8 4.0 24.1 16.1 83.9
 10 4.8 7.2 3.5 75.5 1.8 7.2 15.5 84.5
Malaysia 2 9.3 0.1 20.4 64.2 2.3 3.7 29.8 70.2
 10 21.8 6.7 23.6 46.6 0.5 0.9 52.1 48.0
Philippines 2 1.0 1.0 0.2 94.8 0.2 2.9 2.2 97.9
 10 1.9 3.0 6.0 88.5 0.0 0.6 10.9 89.1
Singapore 2 8.9 0.9 14.3 68.5 6.2 1.2 24.1 75.9
 10 16.8 7.5 12.2 62.4 0.9 0.3 36.5 63.6
Thailand 2 0.0 4.4 1.4 90.2 2.8 1.0 5.8 94.0
 10 0.0 3.5 0.6 95.4 0.4 0.1 4.1 95.9
Taiwan 2 20.0 1.3 3.4 65.1 0.8 9.4 24.7 75.3
 10 13.2 3.1 1.5 80.3 0.0 1.9 17.8 82.2
         
 
Notes: The VAR model is estimated with 2 lags. FSDMS εεεεε ,,,, *** and Dε refer to the 
foreign supply shock, the foreign monetary shock, other foreign demand shocks, the 
domestic supply shock, the domestic fiscal shock, and other domestic demand shocks, 
respectively. EXTε refers to the sum of all external shocks. DOMε  refers to the sum of all 
domestic shocks. 
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Table 2.1b Variance Decomposition – Japan as the Currency Anchor 
 
the k-step ahead forecast error variance of domestic real GDP 
(Y) explained by 
external shocks domestic shocks 
Countries k 
εS* εM* εD* εS εF εD 
εEXT εDOM 
         
China 2 0.7 2.2 0.5 86.4 9.2 1.0 3.4 96.6
 10 2.0 17.2 0.2 77.5 2.0 1.1 19.4 80.6
Hong Kong 2 5.9 0.0 12.4 46.3 23.0 12.5 18.3 81.8
 10 39.7 2.7 4.5 41.2 8.8 3.1 46.9 53.1
Indonesia 2 16.7 0.7 10.9 19.3 37.9 14.5 28.3 71.7
 10 1.5 8.4 41.8 42.8 3.9 1.5 51.7 48.2
Korea 2 23.4 4.9 2.6 52.2 8.6 8.2 30.9 69.0
 10 49.2 1.5 1.5 44.8 1.5 1.5 52.2 47.8
Malaysia 2 0.9 0.1 5.2 92.9 0.5 0.5 6.2 93.9
 10 0.3 1.4 0.9 97.1 0.1 0.1 2.6 97.3
Philippines 2 1.5 8.4 6.6 76.7 5.6 1.2 16.5 83.5
 10 3.9 23.5 4.8 66.9 0.7 0.2 32.2 67.8
Singapore 2 11.3 1.3 2.9 83.6 0.4 0.5 15.5 84.5
 10 35.3 4.1 0.4 60.1 0.0 0.0 39.8 60.1
Thailand 2 5.9 0.9 1.0 88.0 2.8 1.5 7.8 92.3
 10 5.5 0.2 0.8 91.6 0.9 0.9 6.5 93.4
Taiwan 2 9.6 0.7 25.4 25.3 0.5 38.6 35.7 64.4
 10 48.7 12.7 7.2 23.4 0.2 7.9 68.6 31.5
          
 
Notes: The VAR model is estimated with 2 lags. FSDMS εεεεε ,,,, *** and Dε refer to the 
foreign supply shock, the foreign monetary shock, other foreign demand shocks, the 
domestic supply shock, the domestic fiscal shock, and other domestic demand shocks, 
respectively. EXTε refers to the sum of all external shocks. DOMε  refers to the sum of all 
domestic shocks. 
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Table 2.2a Variance Decomposition – EA1 as the Currency Anchor 
 
the k-step ahead forecast error variance of domestic real GDP 
(Y) explained by 
external shocks domestic shocks 
Countries k 
εS* εM* εD* εS εF εD 
εEXT εDOM 
         
China 2 0.6 13.1 8.5 71.8 4.6 1.4 22.2 77.8
 10 7.7 16.5 3.3 66.4 5.8 0.3 27.5 72.5
Hong Kong 2 18.9 10.5 3.7 61.6 5.3 0.1 33.1 67.0
 10 25.5 33.7 1.0 38.9 0.9 0.0 60.2 39.8
Indonesia 2 0.5 50.1 6.1 17.2 19.2 6.9 56.7 43.3
 10 9.8 18.6 16.5 46.0 5.4 3.7 44.9 55.1
Korea 2 10.3 7.7 0.8 74.9 2.6 3.7 18.8 81.2
 10 18.7 14.5 9.6 42.4 14.1 0.7 42.8 57.2
Malaysia 2 0.8 13.0 12.2 55.3 14.6 4.1 26.0 74.0
 10 1.9 10.7 22.9 43.7 9.5 11.4 35.5 64.6
Philippines 2 2.3 1.5 3.5 91.8 0.8 0.1 7.3 92.7
 10 7.0 1.4 22.9 67.8 0.6 0.3 31.3 68.7
Singapore 2 26.1 2.0 7.0 58.2 2.3 4.5 35.1 65.0
 10 33.2 0.5 23.3 42.0 0.6 0.4 57.0 43.0
Thailand 2 7.8 0.7 1.5 8.5 51.2 30.4 10.0 90.1
 10 4.3 0.5 5.8 33.6 35.7 20.2 10.6 89.5
Taiwan 2 50.4 0.3 6.7 39.1 1.2 2.3 57.4 42.6
 10 52.3 0.9 28.9 12.7 1.0 4.2 82.1 17.9
          
 
Notes: The VAR model is estimated with 2 lags. EA1 is the Japan-oriented East Asia, 
constructed to include Japan and three other East Asian economies which are the three 
largest trading partners of an East Asian country. FSDMS εεεεε ,,,, *** and Dε refer to the 
foreign supply shock, the foreign monetary shock, other foreign demand shocks, the 
domestic supply shock, the domestic fiscal shock, and other domestic demand shocks, 
respectively. EXTε  refers to the sum of all external shocks. DOMε  refers to the sum of all 
domestic shocks. 
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Table 2.2b Variance Decomposition – EA2 as the Currency Anchor 
 
the k-step ahead forecast error variance of domestic real GDP 
(Y) explained by 
external shocks domestic shocks 
Countries k 
εS* εM* εD* εS εF εD 
εEXT εDOM 
         
China 2 1.3 15.8 1.3 42.2 20.7 18.7 18.4 81.6
 10 3.6 7.7 23.7 54.7 1.7 8.6 35.0 65.0
Hong Kong 2 33.1 4.0 7.0 52.1 3.8 0.0 44.1 55.9
 10 43.6 17.3 1.5 36.5 1.1 0.0 62.4 37.6
Indonesia 2 24.0 0.1 17.6 47.4 8.5 2.3 41.7 58.2
 10 39.0 4.0 28.0 26.9 1.8 0.2 71.0 28.9
Korea 2 4.9 0.8 10.8 79.8 0.7 3.0 16.5 83.5
 10 4.0 1.3 14.4 64.9 14.8 0.6 19.7 80.3
Malaysia 2 0.6 6.2 19.5 51.3 20.7 1.7 26.3 73.7
 10 0.6 2.9 45.2 30.2 15.7 5.5 48.7 51.4
Philippines 2 9.6 0.7 1.3 88.0 0.0 0.5 11.6 88.5
 10 17.6 4.2 14.2 60.6 1.1 2.2 36.0 63.9
Singapore 2 18.6 4.4 14.2 57.6 3.0 2.2 37.2 62.8
 10 11.5 1.0 15.1 71.1 0.5 0.8 27.6 72.4
Thailand 2 2.5 1.4 0.8 6.9 70.7 17.7 4.7 95.3
 10 1.1 2.7 2.3 33.4 46.5 14.1 6.1 94.0
Taiwan 2 17.9 1.2 7.5 73.1 0.1 0.3 26.6 73.5
 10 8.7 1.7 0.4 83.6 3.9 1.6 10.8 89.1
          
 
Notes: The VAR model is estimated with 2 lags. EA2 is the US-oriented East Asia, 
including the US and the East Asian country’s three largest trading partners from within 
the region. FSDMS εεεεε ,,,, *** and Dε refer to the foreign supply shock, the foreign 
monetary shock, other foreign demand shocks, the domestic supply shock, the domestic 
fiscal shock, and other domestic demand shocks, respectively. EXTε  refers to the sum of 
all external shocks. DOMε  refers to the sum of all domestic shocks. 
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Table 2.2c Variance Decomposition – EA3 as the Currency Anchor 
 
the k-step ahead forecast error variance of domestic real GDP 
(Y) explained by 
external shocks domestic shocks 
Countries k 
εS* εM* εD* εS εF εD 
εEXT εDOM 
         
China 2 1.2 14.2 14.1 62.8 1.6 6.1 29.5 70.5
 10 3.9 27.6 4.1 56.7 6.3 1.4 35.6 64.4
Hong Kong 2 35.3 6.2 5.8 48.8 3.9 0.0 47.3 52.7
 10 47.7 24.7 1.5 25.5 0.6 0.0 73.9 26.1
Indonesia 2 0.5 29.7 12.4 20.3 29.8 7.3 42.6 57.4
 10 9.5 25.6 3.9 48.8 9.0 3.3 39.0 61.1
Korea 2 12.8 17.2 2.9 16.1 45.8 5.2 32.9 67.1
 10 12.8 10.7 3.4 8.4 62.3 2.4 26.9 73.1
Malaysia 2 3.2 7.1 14.6 53.9 19.6 1.5 24.9 75.0
 10 4.3 5.1 25.1 41.9 15.1 8.5 34.5 65.5
Philippines 2 3.3 0.8 1.2 94.4 0.3 0.1 5.3 94.8
 10 9.3 0.2 20.8 69.4 0.0 0.2 30.3 69.6
Singapore 2 8.1 0.9 24.8 58.8 3.4 4.1 33.8 66.3
 10 9.5 0.3 49.3 39.2 1.0 0.7 59.1 40.9
Thailand 2 5.5 0.3 1.3 6.0 63.0 23.9 7.1 92.9
 10 3.8 0.5 6.1 31.4 39.0 19.2 10.4 89.6
Taiwan 2 37.8 0.8 12.0 47.5 1.2 0.8 50.6 49.5
 10 37.4 11.0 29.1 15.5 2.4 4.6 77.5 22.5
          
 
Notes: The VAR model is estimated with 2 lags. EA3 is the Japan-US-oriented East Asia, 
including Japan, the US, and three largest trading partners from East Asia. 
FSDMS εεεεε ,,,, *** and Dε refer to the foreign supply shock, the foreign monetary shock, 
other foreign demand shocks, the domestic supply shock, the domestic fiscal shock, and 
other domestic demand shocks, respectively. EXTε  refers to the sum of all external 
shocks. DOMε  refers to the sum of all domestic shocks. 
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Table 2.3 A Summary of the Results from the Baseline Model 
 
Cases Anchors k Countries in which 
total foreign shocks 
explain over 50% of 
total disturbances to 
domestic output 
Countries in which 
foreign supply shock 
exceeds domestic 
supply shock 
     
SR None None 
US 
LR Malaysia None 
SR None None 
Single-
Currency 
Peg Japan 
LR
Indonesia, Korea, 
Taiwan 
Hong Kong*, Korea, 
Taiwan 
SR Indonesia, Taiwan Taiwan 
EA1 
LR
Hong Kong, Singapore, 
Taiwan 
Taiwan 
SR None None 
EA2 
LR Hong Kong, Indonesia Hong Kong, Indonesia
SR Taiwan None 
Basket-
Currency 
Peg 
EA3 
LR
Hong Kong, Singapore, 
Taiwan 
Hong Kong, Taiwan 
     
 
Notes: 1) SR refers to the short run, and LR refers to the long run. 2) * For Hong Kong, 
the variance decompositions of the foreign supply shock and the domestic supply shock 
are close enough, which are 39.7% and 41.2%, respectively. 3) * For Thailand, all 
external shocks account for 49.6% of total output shocks, close enough to 50%.  
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Table 2.4 Variance Decomposition – Robustness Analysis 
 
Countries k the k-step ahead forecast error variance of the 
real GDP (Y) explained by total foreign shocks 
of 
    
  Alternative 1 Alternative 2 
  EA1 EA2 EA1 EA2 
China 2 11.1 30.3 0.9 0.9
 10 54.8 40.8 2.6 3.0
Hong Kong 2 28.1 27.1 10.7 10.2
 10 28.3 23.8 5.9 4.7
Indonesia 2 65.5 55.0 21.6 25.2
 10 82.4 90.8 31.4 32.3
Korea 2 43.4 9.3 33.9 12.4
 10 27.4 4.9 39.1 5.9
Malaysia 2 -- -- 35.4 41.8
 10 -- -- 43.5 35.0
Philippines 2 -- 9.1 7.5 7.0
 10 -- 4.1 19.4 25.2
Singapore 2 26.8 8.5 57.9 47.7
 10 68.5 31.8 61.3 29.3
Thailand 2 -- -- 38.2 16.1
 10 -- -- 37.0 5.4
Taiwan 2 42.6 27.7 47.4 26.1
 10 83.1 23.8 71.9 11.5
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Table 2.4 (continued) 
 
Countries k the k-step ahead forecast error variance of the 
real GDP (Y) explained by total foreign shocks 
of 
    
  Alternative 3 Alternative 4 
      
China 2 EA1 EA2 EA1 EA2 
 10 29.5 11.5 11.5 7.9
Hong Kong 2 36.3 20.5 38.1 30.5
 10 15.7 12.5 2.3 1.1
Indonesia 2 9.7 6.4 17.7 9.3
 10 44.7 45.0 8.2 5.5
Korea 2 73.7 73.8 40.7 27.7
 10 42.5 10.7 0.2 6.5
Malaysia 2 61.7 3.3 0.7 19.5
 10 36.1 44.1 0.7 0.4
Philippines 2 49.5 58.8 6.6 8.7
 10 3.3 10.0 0.1 0.1
Singapore 2 22.1 35.3 6.9 3.2
 10 42.1 40.8 8.3 0.5
Thailand 2 58.6 23.2 20.5 11.7
 10 23.7 9.6 1.9 0.1
Taiwan 2 20.7 3.7 10.2 2.4
 10 58.3 26.1 1.4 3.6
  85.4 13.2 15.0 38.4
 
Notes: 1) Alternative 1: different lags; alternative 2: model )*,( yy ; alternative 3: model 
),*,*,( pypy ; and alternative 4: vector error correction model; 2) each column reports 
the sum of total foreign shocks; 3) the lags in alternative 1 are 1, 3, or 4, according to the 
AIC and the BIC tests. “—” refers to the case for which the AIC and the BIC tests choose 
2 lags as used in the benchmark 
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Table 2.5 A Comparison between the VAR Model and the VEC Model 
 
Cases Anchors k Countries in which all foreign shocks explain 
over 50% of total disturbances to domestic 
output 
   VECM VAR 
     
SR None 
 
None 
 
US 
LR None Malaysia 
 
SR None 
 
None 
 
Single-
Currency 
Peg Japan 
LR Taiwan 
 
Indonesia, Korea, 
Taiwan 
SR None 
 
Indonesia, Taiwan 
 
EA1 
LR None Hong Kong, 
Singapore, Taiwan 
SR None 
 
None 
 
EA2 
LR None 
 
Hong Kong, Indonesia 
 
SR None 
 
Taiwan 
 
Basket-
Currency 
Peg 
EA3 
LR Taiwan Hong Kong, 
Singapore, Taiwan 
     
 
Notes: SR refers to the short run, and LR refers to the long run. 
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Table 2.6 Variance Decomposition – Panel Analysis 
 
The k-step ahead forecast error variance of the real GDP (Y) 
explained by 
External shocks Regional shocks 
External 
anchor 
k 
εS* εM* εD* εS εF εD 
All 
external 
shocks 
All 
regional 
shocks 
          
2 0.8 0.6 4.3 93.4 0.1 0.8 5.7 94.3US 
10 1.1 0.4 1.8 96.5 0.0 0.1 3.3 96.6
    
2 2.6 0.3 0.9 93.8 1.7 0.7 3.8 96.2Japan 
10 7.7 0.3 0.4 91.1 0.3 0.2 8.4 91.6
    
2 33.8 0.0 0.2 65.7 0.1 0.2 34.0 66.0EAP1 
10 30.8 0.0 0.3 68.7 0.0 0.1 31.1 68.8
    
2 31.0 0.0 0.4 68.4 0.0 0.2 31.4 68.6EAP2 
10 22.7 0.1 0.4 76.8 0.0 0.1 23.2 76.9
    
EAP3 2 24.3 0.0 0.4 75.2 0.0 0.1 24.7 75.3
 10 15.0 0.0 0.3 84.7 0.0 0.0 15.3 84.7
          
 
Notes: 1) The model estimated is a six-variable near-VAR system with the assumption 
that block exogeneity exists for the foreign variables. The Blanchard and Quah (1989) 
long-run restrictions are imposed for identification. Two lags are used. 2) The EAP 
variables are constructed as the geometric weighted averages of the variables – pmy ,, – 
of individual countries considered in each case. The trade weights are determined by the 
shares of the volume of trade that is contributed by each country in the region considered. 
EAP1 consists of all East Asian countries (EA9) and Japan. EAP2 consists of all EA9 
countries and the US. EAP3 consists of all EA9 countries with both Japan and the US. 
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APPENDIX A 
Appendix 2.1a Unit Root Test - Real GDP (Y) 
 
Level 1st Difference Countries 
ADF PP ADF PP 
     
China 3.59(2) 11.76(2) -0.39(0)        0.03(10) 
Hong Kong -1.98(9) 2.61(2) -5.58(0)** -5.54(2)**
Indonesia 1.39(0) 1.39(0) -4.64(0)** -4.61(2)**
Japan -1.25(1) -1.13(3) -3.63(0)** -3.71(1)**
Korea 4.31(2) 6.55(8) -4.62(0)** -4.76(4)**
Malaysia 3.18(0) 3.26(2) -4.70(0)** -4.84(4)**
Philippines 1.13(4) 1.42(0) -3.61(3)** -3.49(3)* 
Singapore 1.87(8) 3.28(4) -4.21(0)** -4.47(5)**
Thailand 3.04(9) 1.28(2) -3.60(0)** -3.67(1)**
Taiwan -1.09(3) 4.16(3) -3.44(0)*    -3.45(4)* 
US 3.87 (9) 5.39(9) -4.43(0)** -4.42(2)**
     
 
 
 
Appendix 2.1b Unit Root Test - CPI (P) 
 
Level 1st Difference Countries 
ADF PP ADF PP 
     
China -0.49(3) 0.52(4) -2.08(2) -2.36(3) 
Hong Kong -0.40(6) -0.14(4) -2.48(5) -1.87(3) 
Indonesia 4.06(2) 8.15(8) 2.68(6) -3.02(3)* 
Japan -1.70(1) -1.40(4) -2.14(0) -2.14(0) 
Korea 1.36(1) 2.53(2) -3.46(0)* -3.42(1)* 
Malaysia 0.82(1) 1.90(3) -3.21(0)* -3.24(1)* 
Philippines -1.89(9) 5.98(1) -0.18(6) -2.66(1)# 
Singapore -0.61(4) -0.29(1) -3.63(3)** -3.19(6)* 
Thailand 0.66(1) 1.78(3) -3.06(0)* -3.05(1)* 
Taiwan -0.42(1) -0.15(3) -3.83(0)** -3.86(1)**
US -0.13(3) 1.61(4) -2.14(2) -1.98(9) 
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Appendix 2.1c Unit Root Test – M2 or Money plus Quasi-Money (M) 
 
Level 1st Difference Countries 
ADF PP ADF PP 
     
China 0.22(3) 14.03(0) 3.39(2) 2.09(3) 
Indonesia 0.89(9) 4.01(3) 7.54(8) -2.76(4)# 
Japan 0.98(2) 1.43(4) -2.97(1)* -2.11(7) 
Korea 3.84(6) 19.16(12) 4.09(8) -0.31(8) 
Malaysia 5.18(9) 3.85(4) 3.68(9) -3.40(4)* 
Philippines 3.21(9) 5.53(4) -1.66(6) -1.14(5) 
Singapore -4.12(9)** 3.55(0) -1.02(9) -3.76(3)**
Thailand 2.42(9) 2.79(4) -4.88(8)** -1.52(2) 
US 3.16(7) 4.56(4) -0.66(3) -2.78(4)# 
     
 
 
 
 
Appendix 2.1d Unit Root Test - Real Exchange Rate (R) 
 
Level 1st Difference Countries 
ADF PP ADF PP 
     
China 0.28(0) 0.53(7) -7.19(0)** -7.28(4)**
Hong Kong -2.72(2) -1.81(4) -3.61(0)** -3.64(2)**
Indonesia -0.66(1) -1.27(3) -5.77(1)** -8.26(1)**
Korea -3.08(8)* -2.20(2) -5.63(0)** -5.62(2)**
Malaysia 0.14(0) 0.15(4) -5.23(0)** -5.12(6)**
Philippines -2.14(0) -2.17(2) -6.54(0)** -6.54(1)**
Singapore -3.73(1)** -2.11(1) -4.56(1)** -2.92(4) 
Thailand 0.40(0) 0.35(2) -2.66(2) -5.33(2)**
Taiwan -1.40(0) -1.40(0) -5.38(0)** -5.35(3)**
  
 
Notes: 1) The null hypothesis for both the Augmented Dickey-Fuller (ADF) test and the 
Philips and Perron (PP) test is that the variable has a unit root, while the null hypothesis 
for the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test is that the variable is stationary. 
2) ** implies rejection of the null hypothesis at 1% level of significance, and * at 5% 
level of significance. 3) Numbers in parentheses refer to the optimal lag length by the 
Akaike Information Criterion for the ADF test, and the optimal bandwidths by the 
Newey-West using Barlett kernel for the PP and the KPSS tests. 
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Appendix 2.2 De Facto Exchange Rate Regimes and Nominal Anchors in East Asia 
 
Countries Exchange Rate Regimes (80s and 90s) Anchor 
   
China Managed float, crawling band, peg dollar 
Hong Kong Crawling band, peg dollar 
Indonesia Crawling peg dollar 
Korea Crawling peg, crawling band, crawling peg dollar 
Malaysia Moving band dollar 
Philippines Crawling band, Managed float, free falling, crawling peg,  
crawling band, peg 
dollar 
Singapore Moving band dollar 
Taiwan Peg, managed floating dollar 
Thailand Peg dollar 
   
 
Notes: The exchange rate regimes in the table are de facto regimes for East Asian 
countries according to Reinhart and Rogoff (2003). Information on Taiwan is from 
domestic source.  
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Appendix 2.3 Block Exogeneity Test 
 
Anchor  CN HK IN KO MA PH SI TH TW 
         
US χ2 23.8 25.8 16.9 12.2 9.3 15.6 20.2 16.0 14.0
 Pro 0.16 0.1 0.53 0.83 0.95 0.62 0.32 0.59 0.73
Japan χ2  8.6 16.3 60.2* 18.7 10.5 16.0 22.7 11.5 15.8
 Pro 0.97 0.57 0.00 0.41 0.92 0.59 0.20 0.87 0.61
EA1 χ2  30.7* 17.9 31.4* 17.9 24.2 32.1* 33.2* 61.5* 28.1
 Pro 0.03 0.46 0.03 0.46 0.15 0.02 0.02 0.00 0.06
EA2 χ2  23.6 13.8 23.1 23.1 14.1 30.8* 33.0* 43.7* 27.9
 Pro 0.17 0.74 0.19 0.19 0.73 0.03 0.02 0.00 0.06
EA3 χ2  34.0* 16.7 26.0 24.8 17.3 30.8* 35.4* 54.7* 26
 Pro 0.01 0.55 0.10 0.13 0.51 0.03 0.01 0.00 0.10
           
 
Notes: 1) CN-China, HK-Hong Kong, IN-Indonesia, KO-Korea, MA-Malaysia, PH-
Philippines, SI-Singapore, TH-Thailand, and TW-Taiwan. 2) χ2 refers to the Chi-square 
test statistic by the likelihood ratio test. 3) “Prob” refers to the probability of the Chi-
square test statistic. 4) The block exogeneity test tests the following null hypothesis: the 
lags of domestic variables do not enter the equations of the foreign variables. That is, the 
foreign variables as a block are exogenous. 5) *indicates that the null hypothesis can be 
rejected at 5% level of significance at least. A rejection of the null implies that block 
exogeneity of the foreign variables does not exist. 
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Appendix 2.4a Largest Trading Partners by Case – Baseline Model 
 
Anchor CN HK IN KO MA PH SI TW TH 
          
EA1 JP JP JP JP JP JP JP JP JP 
 HK CN KO CN HK HK HK HK MA 
 KO SI MA HK SI SI MA KO SI 
 SI TW TW SI TW TW TH SI TW 
          
EA2 HK CN US US US US MA US US 
 US US KO CN SI TW US HK SI 
 KO TW MA HK TW SI HK KO MA 
 SI SI TW SI HK HK TH SI TW 
          
EA3 JP CN JP US JP US MA JP JP 
 HK US US JP US JP US US US 
 US JP KO CN SI TW JP HK SI 
 KO TW TW HK TW SI HK KO MA 
 SI SI MA SI HK HK TH SI TW 
          
 
 
 
 
Appendix 2.4b Largest Trading Partners by Case – Panel Setting 
 
Countries EAP1(shares) EAP2(shares) EAP3(shares) 
    
China 0.11 0.10 0.08 
Hong Kong 0.19 0.21 0.13 
Indonesia 0.04 0.03 0.02 
Korea 0.09 0.09 0.07 
Malaysia 0.07 0.07 0.05 
Philippines 0.02 0.02 0.01 
Singapore 0.11 0.11 0.08 
Taiwan 0.08 0.09 0.07 
Thailand 0.05 0.04 0.04 
Japan 0.24 -- 0.22 
US -- 0.24 0.22 
    
 
Notes: CN = China, HK = Hong Kong, IN = Indonesia, KO = Korea, MA = Malaysia, 
PH = Philippines, SI = Singapore, TW = Taiwan, TH = Thailand, JP = Japan, and US = 
United States. 
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Appendix 2.5a Lag Length Test – VAR Model 
 
Countries/Models US Japan EA1 EA2 EA3 
      
China -- 2, 3 3 1, 2 3, 4 
Hong Kong 3, 4 3 1, 2 1 1 
Indonesia -- -- -- -- -- 
Korea 3 3 1, 2 1, 2 1, 2 
Malaysia 4 3, 4 2 2 2 
Philippines 4 3, 4 2 1, 2 1, 2 
Singapore 3, 4 3, 4 -- -- -- 
Thailand 3, 4 3, 4 2 2 2 
Taiwan 3, 4 3, 4 4 2, 3 3, 4 
      
 
 
 
 
Appendix 2.5b Lag Length Test – Error Correction Model 
 
Countries/Models US Japan EA1 EA2 EA3 
      
China 2 1 1 1 1 
Hong Kong 2 2 1 1 1 
Indonesia 1 1 1 1 1 
Korea 2 2 1 1 1 
Malaysia 2 2 1 1 1 
Philippines 2 2 1 1 1 
Singapore 2 2 2 1 1 
Thailand 2 2 1 1 1 
Taiwan 2 2 1 2 2 
      
 
Notes: The numbers shown are the number of lags chosen by the AIC or the SCB criteria. 
“- -” indicates that an appropriate number of lags cannot be identified.   
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Chapter Three 
Monetary integration in East Asia: Evidence from real effective exchange rates 
 
3.1 Introduction 
The potential for monetary integration in East Asia has drawn increasing attention 
from both policy makers and economic researchers in recent years, especially since the 
Asian financial crisis over 1997-1998. Exchange rate policies of the East Asian countries 
have become an important concern in the international economic and political areas. 
Monetary integration in Europe has stimulated the interest in establishing a similar 
mechanism to avoid future crises in East Asia. Among the policy options that have been 
investigated are whether East Asia has a potential to form an optimum currency area and, 
if so, whether it should be a yen bloc or a dollar bloc. 
  This paper addresses these issues by examining the interrelationships among the 
real effective exchange rates28 of the US dollar and 10 East Asian currencies, namely, the 
Chinese yuan, the Hong Kong dollar, the Indonesian rupiah, the Korean won, the 
Malaysian ringgit, the Philippine peso, the Singaporean dollar, the Thai baht, the new 
Taiwan dollar, and the Japanese yen. The methods of cointegration and Granger causality 
are applied. We find the following. 1) East Asia as a whole (excluding Japan) is not yet 
ready to form a monetary union. However, increasing integration can be found among the 
ASEAN29 and the NIE30  countries, respectively. Within each of these blocs, similar 
forces seem to drive changes in the real effective exchange rates of the member 
currencies. Analyses of cointegration and causality have both confirmed the pattern of 
increasing integration within each group though not across groups or beyond. Notably, 
China does not seem to share this integration with either. 2) Neither the yen nor the dollar 
                                                 
28  Real effective exchange rates, real exchange rates and exchange rates are used 
interchangeably throughout the rest of this paper. It is in fact the real effective exchange 
rates that are used in estimation.   
29 ASEAN stands for the Association of Southeast Asian Nations (ASEAN), including 
Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, 
Thailand, and Vietnam. 
30 NIE stands for “newly industrialized economies”, including South Korea, Taiwan, 
Hong Kong, and Singapore, also known as the “Four Tigers”.  
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is forming a monetary bloc in the entire region, however. The yen is found to belong to 
the NIE bloc while the dollar seems more influential to the ASEAN currencies. 
 The rest of the paper is organized as follows. Section 2 surveys the literature. 
Section 3 discusses the empirical methodology. Section 4 presents and discusses the 
empirical results. Section 5 concludes.  
 
3.2 Literature Review 
There are mainly two lines of research related to this study.  The first line follows 
the theory of optimum currency areas, initiated by the seminal work of Mundell (1961), 
McKinnon (1963) and Kenen (1969). An optimum currency area is defined as an 
economic domain in which member countries benefit from fixing their exchange rates 
rigidly to each other or using one common currency while allowing joint flexibility 
against currencies outside the domain. Previous research holds that it would be easier for 
a country to join an optimum currency area if it is subject to symmetric macroeconomic 
shocks to the other member countries (Mundell, 1961), or has a relatively diverse 
economic structure (Kenen, 1969), or trades relatively intensively with the other member 
countries (McKinnon, 1963). Recent extensions of the theory add a wider spectrum of 
criteria for optimum currency areas, such as price and wage flexibility, factor mobility, 
similarities of inflation rates, fiscal integration, political integration, etc. (Tavlas, 1993; 
Mongelli, 2002).  
 Following the first line, some authors study the degree of economic integration in 
East Asia by examining whether macroeconomic fundamentals of East Asian countries 
have followed patterns that are consistent with those of an optimum currency area. 
Bayoumi and Eichengreen (BE, 1994, 1999), Chow and Kim (2003), and Kwack (2004) 
examine the symmetry of economic shocks. BE and Kwack rely on the correlations of 
demand shocks and correlations of supply shocks among the East Asian countries, 
derived from structural vector autoregressive (SVAR) models. BE find one potential 
Northern bloc in East Asia that includes Japan, Korea and Taiwan, and another bloc that 
includes Hong Kong, Indonesia, Malaysia, Singapore, and possibly Thailand. They 
conclude that on an economic basis, East Asia has satisfied the criteria for an optimum 
currency area almost as well as the countries in the European Monetary Union. Kwack 
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has updated the data to 2001. He finds similar results of East Asian countries’ responses 
to external shocks. Having found that correlations of shocks are higher in the period 
1990-2001 than those in the period 1975-1989, he concludes that East Asian countries 
have become more similar in their exposure to external shocks. Chow and Kim find 
evidence against an optimum currency area in East Asia. In a three-variable VAR model, 
they find that East Asian countries are mainly subject to country specific shocks. Neither 
global shocks (proxied by the US economy) nor regional shocks (proxied by the Japanese 
economy) explain much of the variances in the domestic output of an East Asian 
economy. They conclude that an optimum currency area would be difficult to sustain. 
 Enders and Hurn (1994) adopt the tenets of the theory of optimum currency areas 
and develop the generalized purchasing power parity (G-PPP) theory to study the stylized 
facts of the real exchange rates in East Asia. Their arguments of the G-PPP theory are as 
follows. 1) The real fundamental macroeconomic variables (or forcing variables) that 
drive changes in real exchange rates are nonstationary, implying that the real exchange 
rates are also nonstationary. 2) Within an optimum currency area, the forcing variables 
share common stochastic trends. Hence, the real exchange rates that are driven by these 
variables also share common stochastic trends. They then test whether the real exchange 
rates of a number of East Asian currencies are cointegrated in bilateral or multilateral 
settings based on monthly time series data over January 1973 to December 1989 since 
cointegration implies co-movements among the multiple time series in the long run. They 
then draw conclusions of whether these East Asian countries have a potential to form an 
optimum currency area based on the cointegration results. They find that the G-PPP holds 
better between each of the Pacific Rim currencies (the Indonesian rupiah, the Korean won, 
the Philippine peso, and the Singaporean dollar) and the currencies of the larger industrial 
countries (the Japanese yen, the US dollar, the German mark, and the British pound) than 
between each pair of the Pacific Rim currencies themselves.  
 The second line of research investigates whether East Asia is a dollar bloc or a 
yen bloc. Several studies examine this issue by investigating the interrelations among 
major currencies in East Asia, including the US dollar and the Japanese yen (Aggarwal 
and Mougoue, 1993, 1996; Bowman, 2005; Frankel and Wei, 1992; Tse and Ng, 1997; 
and McKinnon and Schnabl, 2004a). Evidence is also drawn from cointegration of the 
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real interest rates, cointegration of the real returns from stock markets, or other 
macroeconomic fundamentals in the Pacific Basin economies (Baharumshah, Sarmidi 
and Tan, 2003; Chinn and Frankel, 1995; Karras, 2004; Kwan, 1998, 2001; McKinnon 
and Schnabl, 2004b; and Phylaktis, 1999).  
Frankel and Wei use regression analysis to uncover the weights of foreign 
currencies, such as the dollar, the yen, the Australian dollar, etc., in a basket to which an 
East Asian currency is pegged. Using weekly nominal exchange rates of nine East Asian 
currencies against the Swiss franc over 1979-1992, they find a dominant weight of the 
dollar in all currency baskets. Updating the data to the period over 1994-2004, McKinnon 
and Schnabl study the weights of the dollar and the yen in the East Asian currency 
baskets in three different periods: pre-crisis, crisis, and post-crisis. They find that the 
dollar resumed its predominance after the Asian financial crisis. Their results lend 
support to a dollar bloc. 
 Aggarwal and Mougoue, and Tse and Ng are more positive for a yen bloc. They 
examine the long run relationship among the nominal and/or the real exchange rates of 
East Asian currencies and the relative importance of the yen and the dollar in the 
relations using cointegration analysis31. Using daily ask prices for spot exchange rates for 
eight East Asian currencies over the period of 3 October 1983 to 7 February 1992 and 
taking the ECU32 exchange rate as a numeraire, Aggarwal and Mougoue find that the 
Japanese yen is cointegrated with both the NIE currencies and the ASEAN currencies, 
respectively, and that the influence of the yen has increased relative to the US dollar in 
the latter half of the studied period. Tse and Ng reconsider the cointegration relationship 
among the East Asian currencies and the Japanese yen. Using daily spot exchange rates 
of seven East Asian currencies over 27 September 1982 to 30 June 1994, they find that 
the Japanese yen is not cointegrated with the ASEAN currencies. However, adding the 
                                                 
31 Baillie and Bollerslev (1989) study cointegration among a system of seven currencies 
of industrialized countries. According to them, cointegration among a system of 
exchange rates indicates that the long-run movements of these exchange rates share 
common stochastic trend(s) and are driven by common forcing fundamentals. 
Cointegration analysis of real exchange rates is adopted by authors in examining the 
degree of policy convergence in the European Monetary Union (See MacDonald, 1991; 
Haug, MacKinnon, and Michelis, 2000). 
32 ECU stands for the European Currency Unit.  
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Korean won and the new Taiwan dollar to the system, they get a richer pattern of 
cointegration. They conclude that the interdependence of the economies has deepened 
and a yen bloc is forming in East Asia. 
 Kwan also provides positive evidence for a forming yen bloc in East Asia. He 
finds that in the immediate run, it is not realistic for a yen bloc to incorporate all East 
Asian countries including the NIEs, the ASEANs, and China. A multi-step approach is 
recommended for different countries to join the yen bloc after they satisfy certain 
conditions in economic growth, inflation, and exchange rate volatility. It is recommended 
that Japan and the NIEs form a monetary union first, followed by Malaysia and Thailand 
in the intermediate run, and then by China, Indonesia, and the Philippines in the long run.  
Other research that lends support to a leading role by Japan in East Asia includes 
Chinn and Frankel (1995), Phylaktis (1999), and Baharumshah, Sarmidi and Tan (2003). 
Chinn and Frankel and Phylaktis find that real interest rates of a few major East Asian 
countries share common stochastic trends with the Japanese real interest rate, indicating 
that East Asia is becoming more financially integrated, and that the influence of Japan 
seems to have overtaken that of the US in the region. Baharumshah, Sarmidi and Tan find 
that the stock markets of Malaysia, Thailand, Taiwan and Korea are closely linked with 
each other and with the world capital markets over 1988-1999; however, they do not find 
the influence of Japan overtaking that of the US.  
In summary, the existing literature has provided conflicting evaluations on 
monetary integration in East Asia. In particular, there is no consensus on whether East 
Asia is an optimum currency area and whether it is a yen bloc or a dollar bloc.   
 
3.3 Empirical Methodology 
In this section, we provide detailed explanations of the methodologies used in this 
paper to investigate the interrelations among the real exchange rates of major East Asian 
currencies, including the Japanese yen and the US dollar. We use cointegration and 
Granger causality analyses in the bivariate, trivariate, and multivariate settings that serve 
the following objectives of investigation: 1) whether East Asia is a yen bloc or a dollar 
bloc and 2) whether East Asia has the potential to form an optimum currency area.  
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Similar approaches can be found in Phylaktis (1999) and AuYong, Gan, and 
Treepongkaruna (2004). 
 
3.3.1 Unit root tests 
The first step in our empirical analysis is to check whether the real effective 
exchange rate series contain unit roots. We use both the Augmented Dickey-Fuller test 
(Dickey and Fuller, 1979) and the Phillips and Perron (1988) test. For the ADF test, we 
run the following regression for the real effective exchange rate series, r, of each 
currency33:  
(1)   ∑= +−− +Δ++=Δ
p
i tititt
rrr
2 110
ηβγα                 
where 1−−=Δ ttt rrr  is the first difference of the logarithm of the real effective exchange 
rates of a currency. 0α  is the intercept term. si 'β  are the coefficients of the lagged terms 
of trΔ . st 'η  are the white noise residuals. The coefficient of interest in the unit root test 
isγ . We test the null hypothesis that 0=γ  against the alternative hypothesis that 0>γ . 
The test statistic is μτ . Rejection of the null hypothesis indicates no unit root in the series.   
Compared with the ADF unit root test, the Phillips and Perron (1988) test allows 
for more flexibility in the error process. Instead of restricting the errors to be independent 
and homogeneous, the Phillips and Perron test allows the disturbances to be weakly 
dependent and heterogeneously distributed. We run the following regression: 
(2)    ttt urr ˆˆˆ 1 ++= −αμ        
μ̂ andα̂ are the estimated coefficients, and sut 'ˆ are the white noise residuals. The null 
hypothesis is 1ˆ =α . The test statistic is )( α̂tZ
34. Rejection of the null hypothesis implies 
no unit root in the series. For both tests, critical values are provided in Enders (1995). 
 
3.3.2 Cointegration 
 According to the generalized purchasing-power parity theory developed by 
Enders and Hurn (1994), as macroeconomic fundamentals of a number of countries 
                                                 
33 tr  refers to the real effective exchange rate of a currency throughout this paper. 
34 See Phillips and Perron (1988) for details.   
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become more integrated over time as in a currency union, their real exchange rates will 
tend to move together in the long run as well. Hence, cointegration among the real 
exchange rates of a number of countries, the long run co-movement among them, indicate 
the potential for an optimum currency area among these countries. Thus, testing for 
cointegration among the real exchange rates can be used to test the potential for an 
optimum currency area among a few countries.  
MacDonald and Taylor (1991) also apply the cointegration analysis to study the 
long run relationship among nominal and real exchange rates and convergence in 
monetary policy in the EMS, the European Monetary System. They find that in 
comparison with a control group of non-ERM35 exchange rates, the ERM exchange rates, 
both nominal and real, move together in the long run. They also find that this long-run 
co-movement among the ERM exchange rates is largely a result of monetary policy 
convergence among the EMS member countries. Both studies imply that the long-run co-
movements of real exchange rates of member currencies are a necessary condition for 
policy coordination. This paper borrows this insight of the implications of cointegration 
among real exchange rates to study the potential for an optimum currency area in East 
Asia.     
We consider four cases in investigating the cointegration relationship among the 
real exchange rates. 1) Bivariate cointegration between the real exchange rates of each 
East Asian currency and either the US dollar or the Japanese yen, that is, )',( EAiUS rrR =  
or )',( EAiJP rrR = , 2=n , and i is the identity index of any East Asian currency. 2) 
Trivariate cointegration among the real exchange rates of each East Asian currency and 
both the US dollar and the Japanese yen, that is, )',,( EAiJPUS rrrR = , ,3=n  i is the identity 
index. 3) Bivariate cointegration between the exchange rates of each pair of East Asian 
currencies, that is, )',( EAjEAi rrR = , where ji ≠ , both are identity indexes, .2=n  4) Four 
multivariate settings, including: a) cointegration among the real exchange rates of all East 
Asian currencies, )',...,,( 921 EAEAEA rrrR = , ;9=n b) cointegration among the real exchange 
rates of all East Asian currencies and the Japanese yen, )',...,,,( 921 EAEAEAJP rrrrR = , 
                                                 
35  The Exchange Rate Mechanism of the EMS began in March 1979 and ended in 
December 1988.  
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;10=n c) cointegration among the real exchange rates of all East Asian currencies and 
the US dollar, )',...,,,( 921 EAEAEAUS rrrrR = , ;10=n and d) cointegration among the real 
exchange rates of all East Asian currencies and both the Japanese yen and the US dollar, 
,)',...,,,,( 921 EAEAEAJPUS rrrrrR = .11=n In the above specifications, JPr , USr and EAir  refer 
to the real effective exchange rates of the Japanese yen, the US dollar, and some East 
Asian currency i, respectively, computed as the trade-weighted averages of the bilateral 
real exchange rates against their 15 largest trading partners. 
 If all real exchange rates are found to be integrated of the same order, normally 
I(1), we will continue to test for cointegration in the various settings discussed before. 
The multivariate cointegration methodology developed by Johansen and Juselius (1990) 
is applied. This method involves estimating the following vector autoregressive model: 
(3)   tptpttt RARARAAR ε+++++= −−− ...22110        
where tR  is the vector of the real exchange rates of n currencies, 0A  is the nx1 vector of 
constants, piAi ,...,1, = , are the nxn coefficient matrices of tR  lagged by i period(s), and 
tε , the nx1 vector of residuals, is assumed to be multivariate normal with mean vector 
zero and covariance matrix ,Σ and independent across time periods. According to 
Johansen and Juselius, we can rewrite the VAR(p) in (3) in the following vector error-
correction form when all series are I(1): 
(4)    t
p
i
ptitit RRAR εππ∑
−
=
−− ++Δ+=Δ
1
1
0  
where, ⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
−−= ∑
=
p
i
iAI
1
π  and ⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
−−= ∑
=
i
j
ji AI
1
π are nxn matrices of coefficients. The 
rank of the matrix π , ( )πRank , is then used to examine the long run relationship among 
the real exchange rates. Let cRank =)(π , where c is an integer, indicating the number of 
independent cointegrating vectors. If nc = , the vector process is stationary; if nc <<0 , 
the real exchange rates are cointegrated; and if 0=c , then π =0 and the π  matrix is null, 
there exists no linear combination of the real exchange rates that is stationary and (4) 
becomes the usual VAR model in first differences.  
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 Two likelihood ratio test statistics are developed from the π  matrix, the trace test 
statistic, λ-trace, and the maximum eigen value test statistic, λ-max36. The λ-max statistic 
tests the null hypothesis that cRank ≤)(π against the alternative that ;)( cRank >π  and 
the λ-trace statistic tests the null hypothesis that cRank =)(π against the alternative that 
.1)( += cRank π  Critical values of the two tests are given by Osterwald-Lenum (1992).   
 
3.3.3 Granger causality 
The Granger causality analysis (Granger, 1986; Engle and Granger, 1987) 
examines whether lagged values of the real exchange rates of one currency enter the 
equations for the real exchange rates of other currencies in a multivariate system. That is, 
it tests whether the past values of a variable help predict the current value of other 
variables (Granger, 1988a and 1988b). This has a convenient implication in this study in 
that it reveals the interdependence of exchange rate policies by countries in East Asia. 
 When the real exchange rate of currency A is found to Granger cause that of 
currency B, that is, past values of real exchange rates of currency A help explain the 
current value of the real exchange rate of currency B, it is likely that B takes A as a 
reference in making its exchange rate policy, or A plays the leader and B plays the 
follower in their real exchange rate policy-making. This may happen when the two 
countries are close competitors in trade in the world market or when currency B is pegged 
to currency A. It is also likely that Granger causality run in both directions, from A to B 
and from B to A as well. In either case, it reveals a close interdependence between the 
two economies in monetary policy coordination. Using Granger causality, MacDonald 
and Taylor (1991) find the German leadership among the EMS-economies during the 
                                                 
36 The trace test statistic is given by:  
(5)  trace−λ ∑
+=
−−=
n
ci
iT
1
)1log( λ  
where cRank =)(π , T refers to the length of the time series, and the si 'λ are the 
eigenvalues obtained from the reduced rank regression problem. The λ-max test statistic 
is given by: 
(6)  )1log(max 1+−−=− cT λλ  
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ERM period37 in that the German money is found to strongly Granger cause the French 
money and the Italian money, but not vice versa. In this study, we employ the Granger 
causality analysis in investigating the interdependence among the real exchange rates of 
currencies in East Asia. 
 The causality analysis will be performed based on cases 1, 2 and 3 mentioned 
above. The bivariate model of )',( EAjEAi rrR =  in case 3 investigates whether the real 
exchange rates of any pair of East Asian currencies Granger cause each other. The 
bivariate model of )',( EAiUS rrR = and )',( EAiJP rrR = in case 1 and the trivariate model of 
)',,( EAiJPUS rrrR =  in case 2 investigate the lagged impacts of the US dollar and the 
Japanese yen on the real exchange rates of an East Asian currency, that is, whether the 
past values of the real exchange rates of the US dollar or the Japanese yen help predict 
the current real exchange rate of an East Asian currency. For illustrative purposes, we 
introduce the methodology using the trivariate model in case 2.  
 If all three real exchange rate series are found to be I(1) and non-cointegrated, the 
following vector autoregressive model (VAR) will be estimated: 
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 ijk ,α  is the coefficient of the i-th lag of variable k on equation j; s'0α  are the 
intercept terms; and st 'ε are the white noise residuals. Using equation (7c), the equation 
of the real exchange rates of an East Asian currency, we can test whether the real 
exchange rates of the Japanese yen and/or the US dollar Granger cause those of the East 
Asian currency. The null hypothesis ,,0)(: 310 iiH ∀=α states that the US dollar real 
exchange rates do not Granger cause the real exchange rate of the East Asian currency, 
that is, lagged values of the dollar real exchange rates do not help predict the current 
                                                 
37  The Exchange Rate Mechanism of the EMS began in March 1979 and ended in 
December 1988. 
 
 52
value of the real exchange rate of the East Asian currency. The null hypothesis 
,,0)(: 320 iiH ∀=α implies that the Japanese yen real exchange rates do not Granger 
cause the real exchange rate of the East Asian currency, that is, lagged values of the yen 
real exchange rates do not influence the current value of the real exchange rate of the East 
Asian currency. A standard F-test is performed. If the estimated F-test statistic is greater 
than the critical value, the null hypothesis is rejected, indicating the existence of Granger 
causality from the US dollar and/or the Japanese yen real exchange rates to those of the 
East Asian currency. 
 If the system is cointegrated, Wald tests for Granger causality may not follow a 
standard F distribution. When the variables are cointegrated, Wald tests may have non-
standard asymptotic properties, which may depend on the cointegration properties of the 
system and possibly on nuisance parameters. This may make computations burdensome if 
not impossible. Dolado and Lutkepohl (1996) propose a simple method using Wald tests 
with asymptotic −2χ distributions to test for Granger causality in a cointegrated system. 
Using the Dolado and Lutkepohl method, Wald tests are directly applied to the least 
squares estimators of the coefficients of the VAR specified in levels of the variables.  
The procedure for testing Granger causality with this method is as follows. First, 
select the lag length, p, and p>1, for the VAR process using the Wald tests. Second, if 
VAR(p) is the true data generating process, refit the data using a VAR(p+1). Third, use 
the Wald tests on the first p VAR coefficient matrices.  
 Applying the Dolado and Lutkepohl method to this study, we first estimate the 
system in (3) and find the appropriate p using Wald tests. We then refit the data with a 
VAR(p+1) as shown in system (8): 
(8a) ∑∑∑
+
=
−
+
=
−
+
=
− ++++=
1
1
,,,13
1
1
,,12
1
1
,,11,0,
p
i
tUSitEAi
p
i
itJPi
p
i
itUSiUStUS rrrr εαααα  
(8b) ∑∑∑
+
=
−
+
=
−
+
=
− ++++=
1
1
,,,23
1
1
,,22
1
1
,,21,0,
p
i
tJPitEAi
p
i
itJPi
p
i
itUSiJPtJP rrrr εαααα  
(8c) ∑∑∑
+
=
−
+
=
−
+
=
− ++++=
1
1
,,,33
1
1
,,32
1
1
,,31,0,
p
i
tEAitEAi
p
i
itJPi
p
i
itUSiEAtEA rrrr εαααα  
Since all equations have the same lag length, the least squares estimators of the 
coefficients are consistent and asymptotically efficient (Enders, 1995). To test Granger 
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causality, we use equation (8c) and apply Wald tests on the first p coefficients for each 
variable. For example, to see if JPr  Granger causes ,EAir  test ,0: ,320 =iH α  ,i∀  ....1 pi =  
 
3.4 Empirical Results 
3.4.1 Data 
Eleven currencies are selected for this study. They are the Chinese yuan (CNY), 
the Hong Kong dollar (HKD), the Indonesian rupiah (IDR), the Korean won (KOW), the 
Malaysian ringgit (MAR), the Philippine peso (PHP), the Singaporean dollar (SID), the 
Thai baht (THB), the new Taiwan dollar (TWD), the Japanese yen (JPY) and the US 
dollar (USD). Real effective exchange rates are used for empirical analysis. 
 We construct the real effective exchange rate of a currency as follows. Take the 
Korean won as an example. We first compute the bilateral real exchange rates of the 
Korean won against the currencies of Korea’s major trading partners. The bilateral real 
exchange rate of the Korean won against a foreign currency is computed by deflating the 
bilateral nominal exchange rate, expressed as units of the foreign currency per Korean 
won, with the ratio of the foreign price to the Korean price. The real exchange rates are 
then weighted by the shares38 of bilateral trade with Korea’s 15 largest trading partners. 
The formula used is: 
(11)   == REERr i
i
i
i P
P
e
e ω)])([(15 1=Π   
where ie = nominal exchange rate of currency i, expressed as units of currency i per US 
dollar, or $,/USNCi country i is a large trading partner of Korea; e = nominal exchange 
rate of the Korean won, expressed as $/USKOW ; thus, the 
e
ei ’s represent the bilateral 
nominal exchange rates of Korea against its largest trading partners; P is the price index 
for Korea; iP  is the price index for country i; and iω  is Korea’s trade with country i as a 
percentage of its total trade with its 15 largest trading partners. Finally, the real effective 
exchange rate computed from (11) is normalized so that 1990:1 is 100. The choice of 
1990:1 as the reference period is quite arbitrary. It represents approximately the middle 
                                                 
38 The volume of trade for a country is the sum of its imports and exports.  
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point of our data set. An increase in r implies real appreciation of the currency. The data 
of bilateral nominal exchange rates, consumer price index or GDP deflator, bilateral trade 
between each country and its major trading partners are obtained from the OECD’s Main 
Economic Indicators, the International Financial Statistics and the Direction of Trade 
Statistics of the International Monetary Fund, and the World Development Indicators of 
the World Bank39.  
[Figures 3.1 and 3.2 about here] 
 Our sample contains eleven time series of constructed real effective exchange 
rates over the period of January 1974 to December 2003. In selecting the time periods, 
we try to avoid the first oil shock (1973) and focus on the period when East Asia 
experienced rapid growth and increasing economic integration both within the region and 
with the rest of the world. The exchange rates are in natural logarithms. Figures 3.1 and 
3.2 illustrate the eleven exchange rate series in their levels and first differences, 
respectively. 
  
3.4.2 Unit root tests 
[Table 3.1 about here] 
The results of the unit root tests are presented in Table 3.1. 13 lags and a constant 
are used in the regression equations for both the Augmented Dickey-Fuller test and the 
Phillips and Perron test. According to both tests, the null hypothesis of a unit root cannot 
be rejected for most real exchange rates in levels, except for the Korean won, at 
traditional level of significance. The null hypothesis of a unit root can be rejected for all 
eleven exchange rate series in their first differences at the 1% level of significance. Thus, 
these real exchange rate series are I(1) except for the Korean won, which is I(0). We will 
difference all series except the Korean won real exchange rate series to achieve 
stationarity. In the following analysis, we drop the Korean won from the cointegration 
analysis.  
 
                                                 
39 Refer to Appendix 3.1 for detailed information of the data.  
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3.4.3 Cointegration 
We next proceed with the cointegration analysis. We test cointegration in four 
ways: 1) bilateral cointegration between each of the East Asian currencies and either the 
US dollar or the Japanese yen, )',( EAiUS rrR =  or )',( EAiJP rrR = ; 2) trivariate 
cointegration among each of the East Asian currencies with both the US dollar and the 
Japanese yen, )',,( EAiJPUS rrrR = ; 3) bilateral cointegration between each pair of East 
Asian currencies, )',( EAjEAi rrR = ; and 4) multivariate cointegration among a) all East 
Asian currencies except the Japanese yen, )',...,,( 821 EAEAEA rrrR =
40 , b) all East Asian 
currencies and the Japanese yen, )',...,,,( 821 EAEAEAJP rrrrR = , c) all East Asian currencies 
and the US dollar, )',...,,,( 821 EAEAEAUS rrrrR = ; and d) all East Asian currencies and both 
the yen and the dollar, )',...,,,,( 821 EAEAEAJPUS rrrrrR = . The first two cases and b), c) and d) 
of case 4 are designed to test the financial integration of East Asia with the US or Japan 
or both as potential policy leaders. In particular, they examine whether there exist long 
run co-movements among the real exchange rates of East Asian currencies and those of 
the US dollar and/or the Japanese yen. Case 3 and a) of case 4 are designed to test the 
degree of financial integration among East Asian countries themselves, that is, whether 
the real exchange rates of East Asian currencies move together in the long run.   
 For all cases, we use the Johansen and Juselius (1990) rank test. Both the λ -max 
and the λ -trace test statistics are obtained. We test the number of lags for the VAR in (3) 
for all cases using the Akaike Information criterion (AIC) and the Schwarz Information 
criterion (SBC). For some cases, shorter lags such as 2 or 3 would suffice according to 
both tests, for others 12 or 13 lags are reported by the AIC test. In all cases, the AIC test 
tends to choose longer lags than the SBC test. In estimation, we set the lag length at 13 
for the first three cases and at 7 for case 4 in order to whiten the residuals. Residual 
analysis confirms our choice of the lag lengths 41 . The results of cointegration are 
presented in Tables 3.2 to 3.7.  
                                                 
40 The )',...,,( 821 EAEAEA rrrR =  vector includes eight real exchange rate series because the 
Korean won real exchange rate is dropped. 
41 Residual analysis is conducted using the Ljung-Box test and the Lagrange Multiplier 
test.  
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 [Table 3.2 about here] 
The bilateral cointegration relationship between the real exchange rates of each of 
the East Asian currencies with the US dollar or the Japanese yen is first examined. 
According to both the max−λ and the trace−λ statistics, the real exchange rates of the 
Chinese yuan, the Hong Kong dollar, and the Singaporean dollar are found to share a 
long-run co-movement with the Japanese yen real exchange rate at 95% level of 
significance; the New Taiwan dollar shares the co-movement with the Japanese yen at 
90% level of significance. According to the trace−λ test statistic, the Philippine peso 
shares a long-run co-movement with the US dollar at 95% level of significance; the 
Singaporean dollar shares a long-run co-movement with the US dollar at 90% level of 
significance. Our results show that the Japanese yen shares more co-movement 
relationships with currencies in East Asia than the US dollar, implying that there is more 
policy convergence towards the Japanese yen real exchange rate than towards the US 
dollar real exchange rate in East Asia. Our findings are consistent with the previous 
literature that a Northern bloc is arising in East Asia which includes the Japanese yen and 
the currencies of the NIEs – the Hong Kong dollar, the Singapore dollar, and the new 
Taiwan dollar. (Kwan, 2001; Bayoumi and Eichengreen, 1994)  
[Table 3.3 about here] 
 Table 3.3 presents the results for the trivariate model, in which we test and see if 
there exist any long-run co-movements among the real exchange rates of an East Asian 
currency, the Japanese yen, and the US dollar. Let ,)( rRank =π the null 
hypotheses 0:0 =rH  or 0:0 ≤rH  test the hypothesis that the three real exchange rates 
are not cointegrated against the alternative that there is at least one cointegrating vector; 
the null hypotheses 1:0 =rH  or 1:0 ≤rH test the hypothesis that there is one 
cointegrating vector against the alternative that there are two. According to both 
the max−λ and the trace−λ test statistics, long-run co-movements exist for the real 
exchange rates of the Chinese yuan, the Hong Kong dollar, the Singaporean dollar, and 
the new Taiwan dollar, respectively, within the yen-dollar system with one identified 
cointegrating vector at 95% or 99% level of significance. The Philippine peso is found to 
be cointegrated with the yen-dollar system with two cointegrating vectors at 90% or 95% 
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level of significance according to the trace−λ  statistic. The results are similar to those 
in case 1.  
[Table 3.4 about here] 
 Table 3.4 reports the results for the multivariate cointegration analyses. Panel A 
of Table 3.4 reports the cointegration results among the real exchange rates of the eight 
East Asian currencies only. According to the max−λ statistic, there are two long-run co-
movement relationships among the eight East Asian currencies; however, according to 
the trace−λ  statistic, no cointegration can be identified.  
In panels B, C, and D of Table 3.4, we report the cointegration results for the 
multivariate systems among all East Asian currencies and the Japanese yen, the US dollar, 
and both the yen and the dollar, respectively. According to the max−λ statistic, three 
cointegrating vectors are found with the yen, and four cointegrating vectors are found 
with the dollar or both the dollar and the yen, at the 90% level of significance. According 
to the trace−λ statistic, only one cointegrating vector is found when either the dollar or 
the yen is included in the system, and two cointegration vectors are found when both the 
dollar and the yen are included, at the 90% level of significance.  
Our results imply only partial convergence of real exchange rate policies in the 
region, when the dollar and/or the yen are included. In all multivariate systems, we have 
identified at most one or two common stochastic trends among the real exchange rates of 
the currencies according to the trace−λ statistic, and at most four cointegrating vectors 
according to the max−λ statistic. Adding the Japanese yen real exchange rates does not 
generate more common stochastic trends within the region than adding the US dollar real 
exchange rates.  
 [Table 3.5 about here] 
In Table 3.5, we show the cointegration results for each pair of the real exchange 
rates of the East Asian currencies. According to both test statistics, cointegration can be 
identified between the following pairs of currencies: CNY-HKD, CNY-SID, HKD-SID, 
IDR-MAR, IDR-SID, MAR-SID, PHP-SID, PHP-THB, SID-THB, and SID-TWD. Among 
the ten cointegrated pairs, six are between ASEAN member countries, with a maximum 
possible of ten pairs, and two are between the NIE countries, with a maximum possible of 
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three pairs. Table 3.6 summarizes the number of foreign currencies each of the East 
Asian currency is found to be cointegrated with within East Asia. 
[Table 3.6 about here] 
 The Singapore dollar real exchange rate is cointegrated with the real exchange 
rates of most other East Asian currencies, while the new Taiwan dollar is cointegrated 
with only one other East Asian currency. Our results imply that an optimum currency 
area may be easier among the ASEAN countries or among the NIE countries, 
respectively, while more difficult for East Asia as a whole.  
The bivariate and trivariate cointegration analyses of the real exchange rates of 
East Asian currencies show a richer pattern of cointegration with the Japanese yen. Yen 
is found to share more common stochastic trends with the East Asian currencies than the 
dollar does, mainly the NIE currencies and the Chinese yuan, implying a greater potential 
for policy convergence in the exchange rates within East Asia where Japan has an 
important presence. However, the cointegration analysis in the multivariate systems show 
that adding the dollar exchange rate into the multivariate system generates at least as 
much cointegration as adding the yen.  
The bivariate cointegration analysis on the real exchange rates of the East Asian 
currencies only shows that except for the Singaporean dollar, the other currencies share 
only a few common stochastic trends with other currencies within the region, and such 
cointegration more likely exists among the ASEAN or the NIE currencies, respectively, 
indicating that exchange rate policy convergence towards each other is not yet evident 
among all East Asian currencies.  
These results point to two implications. 1) The East Asia as a whole does not 
seem ready for an optimum currency area because the real exchange rates of the East 
Asian currencies do not all move together in the long run, implying differences in their 
real exchange rate policies or differences in the trends of the underlying macroeconomic 
fundamentals. Given that policy convergence is an ideal condition for an optimum 
currency area, either would make a currency union difficult to sustain. 2) There is an 
important presence of both the dollar and the yen in the region. However, neither the yen 
nor the dollar seems to make a difference in generating converging real exchange rate 
policies in the entire region, although the yen does share common stochastic trends with 
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the NIE currencies. We will next investigate the degree of integration within the potential 
ASEAN bloc and the potential NIE bloc, respectively, and the importance of the dollar or 
the yen in each bloc. 
[Tables 3.7 about here] 
 Table 3.7 shows the cointegration results for the multivariate models of the real 
exchange rates of the ASEAN currencies. There are two cointegrating vectors for the 
system of the five ASEAN currencies according to the max−λ test statistic and one 
cointegrating vector according to the trace−λ statistic at 90% level of significance. This 
indicates that in the long run, the real exchange rates of the five currencies share at least 
one common stochastic trend among them, implying that at least partial exchange rate 
policy convergence exists in the bloc. More evidence will be available from the causality 
analysis. Adding the Japanese yen to the system, the max−λ statistic indicates that one 
cointegrating vector can be identified while the trace−λ statistic indicates no 
cointegration. Adding the US dollar to the system, one cointegrating vector is identified 
according to both the max−λ and the trace−λ test statistics at 90% level of significance. 
These results imply that although at most partial policy convergence can be found for the 
ASEAN economies towards the US dollar or the Japanese yen real exchange rates, the 
dollar may be marginally more influential to the ASEAN countries in their exchange rate 
policies than the yen. 
[Table 3.8 about here] 
A stationary system can be identified among the exchange rates of the three NIE 
currencies42. Cointegration analysis shows that the matrix of π , as defined in (4), is full 
rank according to the trace−λ test statistic at 90% level of significance. Adding the yen 
to the system, we still get a stationary system with the matrix ofπ  being full rank at the 
90% level of significance. These results indicate that the real exchange rates of the yen 
and the NIE currencies move closely together in the long run and the long-run co-
movements are stationary. These indicate that either there is a full convergence of 
exchange rate policies within the NIE+Japan bloc or the macroeconomic fundamentals of 
                                                 
42 The Korean won real exchange rate series is excluded since it is I(0). We have also 
tested the system of four NIE currencies including the Korean won assuming that it is 
I(1). The results are similar and are available upon request.  
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these economies share similar trends. Adding the dollar into the system, we can identify 
one cointegrating vector according to the trace−λ test statistic, and two cointegrating 
vectors according to the max−λ test statistic at the 90% level of significance. These 
findings imply that the policy convergence towards the dollar is at best partial and less 
important for the NIE’s. Our result seem to endorse a Northern bloc in East Asia, as 
found by Bayoumi and Eichengreen (1994) and suggested by Kwan (2001).    
 
3.4.4 Granger causality 
 To further understand the interrelationships among the real exchange rates, the 
Granger causality analysis is applied to case 1, the bivariate relationship between the real 
exchange rates of an East Asian currency and the US dollar or the Japanese yen; case 2, 
the trivariate relationship among the real exchange rates of an East Asian currency and 
both the yen and the dollar; and case 3, the bivariate relationship between the real 
exchange rates of each pair of East Asian currencies.  
 In case 1 and case 2, we test to see whether the lagged values of the yen or the 
dollar real exchange rates help predict the current value of the real exchange rate of an 
East Asian currency. Positive evidence suggests that there exists leadership of the yen or 
the dollar exchange rate policies on the exchange rate policy of the East Asian currency. 
In case 3, we test to see whether past values of the real exchange rates of one East Asian 
currency help predict the current value of the real exchange rate of another.    
 As explained in section 3, Granger causality is tested with a standard F-test if the 
system of the real exchange rates is not cointegrated; otherwise a Wald test designed by 
Dolado and Lutkepohl (1996) will be estimated. Specifically, equation (7c) is used for the 
non-cointegrated system and (8c) for the cointegrated system. In Table 3.9, we present 
the test statistics for both tests and their p-values for all nine currencies for case 1, where 
we test the causality relationship between an East Asian currency and either the Japanese 
yen or the US dollar. 
[Tables 3.9 and 3.10 about here] 
 At the 90% level of significance, causality is found to run from both the dollar 
and the yen to the Indonesian rupiah. In the trivariate model in case 2, similar results are 
obtained. The Indonesian rupiah exchange rates are Granger caused by both the yen and 
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the dollar exchange rates at 95% or 99% level of significance. The Philippine peso 
exchange rates are Granger caused by the dollar exchange rates at 95% level of 
significance. No other causality relationship can be found. Our results indicate that 
changes in the real exchange rates of the East Asian currencies are usually not driven by 
the real exchange rates of the yen or the dollar. Neither the yen nor the dollar plays the 
role of the benchmark in the exchange rate policy making in East Asia.  
[Table 3.11 about here] 
 Causality tests are also performed between the real exchange rates of each pair of 
the East Asian currencies. The two test statistics and their p-values are reported in Table 
3.11 for each pair of East Asian currencies. We report an illustrative summary of the 
results in Table 3.12, in which, the relationships for which the test statistics are 
significant at the 90% level of significance are marked with an arrow. A rightward arrow 
“→” indicates that causality runs from the currency in the row to the currency in the 
column. A leftward arrow “←” indicates that causality runs from the column currency to 
the row currency.  
[Table 3.12 about here] 
 Among the 72 possible tests (two-way) for the 36 pairs of currencies, we find 28 
causality relationships. Among the 10 pairs of the ASEAN currencies, we find 13 
causality relationships. That is, causality, either one-way or two-way, is found with 8 of 
the 10 pairs of the real exchange rates of the ASEAN currencies. 4 causality relationships 
are found with 4 pairs of the total 6 pairs of the NIE currencies. The Chinese yuan does 
not seem to play a significant role in affecting the real exchange rates of the currencies of 
its neighboring East Asian countries except that it Granger causes the Hong Kong dollar. 
Hong Kong dollar Granger causes the Singaporean dollar and the new Taiwan dollar, and 
the new Taiwan dollar Granger causes the Korean won and all of the ASEAN currencies 
except the Singaporean dollar. 
 The following implications can be derived from the results. 1) Within the ASEAN 
bloc, countries pay close attention to the real exchange rates of each other. These results 
are consistent with those of the cointegration analysis, in which a majority of the ASEAN 
currencies are found to share common stochastic trends in the bilateral setting or the 
multivariate setting. These findings show that there is a good prospect for the integration 
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among the ASEAN countries, where policy convergence tends to prevail within the bloc. 
2) The NIE bloc also seems well integrated. Cointegration shows that the real exchange 
rates of the NIE currencies follow long-run co-movements between some pairs of the 
NIE currencies, and full policy convergence is identified in the multivariate cointegration 
analysis. Granger causality analysis implies that countries may pay attention to each other 
in making their exchange rate policies. 3) There is not much evidence for the integration 
between China and the rest of East Asia. In sum, the East Asia as a whole does not seem 
to be a well-defined currency bloc. However, currency blocs may be feasible for the 
ASEAN’s and the NIE’s, respectively.  
 
3.5 Conclusion 
In this paper, we have examined the issues of monetary integration among eleven 
major East Asian countries including Japan and the US. In response to recent discussions 
on whether East Asia is an optimum currency area and whether it is a yen bloc or a dollar 
bloc, we provide new evidence by investigating the interrelationships among the real 
effective exchange rates of these currencies.  
 We apply cointegration and causality analyses on various systems of currencies in 
the bivariate, trivariate, and multivariate settings. Empirical estimation is based on 
monthly data over 1974-2003. Our results support the following views: 1) an optimum 
currency area would not be feasible for the entire region of East Asia, including Japan 
and the US, since real exchange rates of the currencies seem to follow different stochastic 
trends in the long run; 2) although no currency bloc seems appropriate incorporating all 
currencies in East Asia, there arise two sub-regions which may each develop into a 
successful currency bloc, the ASEAN bloc and the NIE bloc, with perhaps Japan as a 
member in the NIE bloc; and 3) neither the yen nor the dollar is forming an exclusive 
currency bloc in the region; however, the yen seems to be a core member of the quasi-
NIE bloc; 4) the position of China seems unclear in the process of integration.  
Our results are consistent with related studies by Aggarwal and Mougoue (1993, 
1996), Bayoumi and Eichengreen (1994, 1999), Chow and Kim (2003), Kwan (1998, 
2001), and Tse and Ng (1997). In particular, our results seem to support the view of the 
three-step monetary integration around the yen in East Asia by Kwan (1998, 2001), who 
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holds that monetary integration in East Asia should follow the order of integration among 
the NIEs with Japan, followed then by the ASEANs, and finally by China. In our study, 
we have identified a clear case for the Japan-NIE bloc and perhaps a weak case for the 
ASEAN bloc. However, our results cannot explain the further integration of the three 
blocs into a yen bloc, as proposed by Kwan.    
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Table 3.1 Unit Root Test 
 
Currencies Level 1st Difference 
 μτ  )( α)tZ  μτ  )( α)tZ  
     
Chinese Yuan -1.65 -1.59 -4.72** -18.20**
Hong Kong Dollar -1.47 -1.10 -3.98** -17.83**
Indonesian Rupiah -1.15 -1.28 -6.51** -15.40**
Korean Won -3.12* -3.02* -6.05** -11.87**
Malaysian Ringgit -1.22 -0.86 -4.82** -16.49**
Philippine Peso -1.36 -1.41 -5.07** -15.97**
Singaporean Dollar -2.97* -1.94 -3.49** -17.38**
New Taiwan Dollar -1.46 -1.67 -5.48** -19.19**
Thai Baht -0.90 -1.14 -5.51** -14.21**
Japanese Yen -1.99 -1.80 -4.57** -13.54**
US Dollar -2.31 -1.60 -3.70** -15.92**
     
 
Notes: μτ is the t test statistic for the Augmented Dickey-Fuller test (Dickey, Fuller, 
1979); )( α)tZ is the test statistic for the Phillips and Perron (1988) unit root test. In both 
procedures, the series are assumed to follow an autoregressive process with a constant in 
the regression equation. Lag length is set at 13. Lag length at 7 generates similar results 
which are not reported here. For ,500=n the critical values are -3.44 at 1% and -2.87 at 
5%. * indicates significance at 5% level, and ** indicates significance at 1% level.   
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Table 3.2 Bivariate Cointegration – (Dollar, EA currency) and (Yen, EA currency) 
 
Currency Anchor λ-max λ-trace 
    
Chinese Yuan Dollar 6.97    10.66 
 Yen 17.22*  19.52*
  
Hong Kong Dollar Dollar 5.41    7.26 
 Yen 15.96*  18.86*
  
Indonesian Rupiah Dollar 6.76    8.51 
 Yen 11.46    13.03 
  
Malaysian Ringgit Dollar 6.04    7.74 
 Yen 7.90    9.35 
  
Philippine Peso Dollar 10.01    15.75*
 Yen 8.99    11.04 
  
Singaporean Dollar Dollar 9.11    14.67#  
 Yen 16.87*  18.23*
  
Thai Baht Dollar 8.99    11.71 
 Yen 7.05    7.98 
  
New Taiwan Dollar Dollar 6.01    8.20  
 Yen 12.77#  14.78#
  
Critical Values 99% 18.63 20.04 
 95% 14.07 15.41 
 90% 12.07 13.33 
    
 
Notes: The method follows Johansen and Juselius (1990). Lag length is set at 12 or 13. 
The AIC, SBC, and the properties of residuals are taken into consideration in choosing 
the appropriate lag length. We test the following hypotheses with the λ-max and the λ-
trace statistics: ,0:0 =rH and ,0:0 ≤rH respectively. The critical values are from 
Osterwald-Lenum (1992). #, * refer to significance at the 90% and 95% level, 
respectively. 
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Table 3.3 Trivariate Cointegration – (Dollar, Yen, EA currency) 
 
0:0 =rH or 0:0 ≤rH  1:0 =rH or 1:0 ≤rH  Domestic Currency 
λ-max λ-trace λ-max λ-trace 
     
China Yuan 22.25*   31.30*   5.98  9.05 
  
Hong Kong Dollar 26.05**  34.52* 5.10  8.47 
  
Indonesia Rupiah 15.37    25.63   7.26  10.26 
  
Malaysia Ringgit 9.02    19.12 7.59  10.10   
  
Philippines Peso 12.42    28.78#  10.46  16.36*
  
Singapore Dollar 33.01**  40.31** 5.65  7.31 
  
Thai Baht 9.50    22.65 7.48  13.16  
  
New Taiwan Dollar 21.70*   30.54* 6.13  8.84 
     
Critical Values 99%:   25.52 35.65 99%:   18.63 20.04 
 95%:   20.97 29.68 95%:   14.07 15.41 
 90%:   18.60 26.79 90%:   12.07 13.33 
     
 
Notes: The method follows Johansen and Juselius (1990). The critical values are from 
Osterwald-Lenum (1992). #, *, ** refer to significance at the 90%, 95%, and 99% level, 
respectively.   
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Table 3.4 Multivariate Cointegration among All East Asian Currencies 
 
Hypothesis λ-max 90% critical 
values
λ-trace 90% critical 
values
 
Panel A: group of all eight East Asian currencies 
H0: r=0 43.47* 34.82 159.98 176.13
H0: r ≤ 1 35.16* 31.31 116.51 141.31
H0: r ≤ 2 27.01 27.32 81.35 110.00
H0: r ≤ 3 18.68 23.72 54.34 82.68
H0: r ≤ 4 13.61 19.88 35.66 58.96
H0: r ≤ 5 11.64 16.13 22.05 39.08
H0: r ≤ 6 6.61 12.39 10.41 22.95
H0: r ≤ 7 3.81 10.56 3.81 10.56
 
Panel B: group of all East Asian currencies with the Japanese yen 
H0: r=0 72.58*  38.59  227.64* 214.72
H0: r ≤ 1 46.40*  34.82  155.06 176.13
H0: r ≤ 2 35.72*  31.31  108.66 141.31
H0: r ≤ 3 20.26  27.32  72.94 110.00
H0: r ≤ 4 17.28  23.72  52.68 82.68
H0: r ≤ 5 12.44  19.88  35.40 58.96
H0: r ≤ 6 10.25  16.13  22.95 39.08
H0: r ≤ 7 8.19  12.39  12.70 22.95
H0: r ≤ 8 4.51  10.56  4.51 10.56
 
Panel C: group of all East Asian currencies with the US dollar 
H0: r=0 77.61*  38.59  246.66*  214.72
H0: r ≤ 1 46.62*  34.82  169.06 176.13
H0: r ≤ 2 32.30*  31.31  122.43 141.31
H0: r ≤ 3 28.18*  27.32  90.13 110.00
H0: r ≤ 4 22.77  23.72  61.95 82.68
H0: r ≤ 5 13.64  19.88  39.18 58.96
H0: r ≤ 6 12.07  16.13  25.54 39.08
H0: r ≤ 7 10.56  12.39  13.48 22.95
H0: r ≤ 8 2.91  10.56  2.91 10.56
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Table 3.4 (continued) 
 
Hypothesis λ-max 90% critical 
value 
λ-trace 90% critical 
value 
 
Panel D: group of all East Asian currencies with the US dollar and the 
Japanese yen 
H0: r=0 85.99*  42.36  304.73* 257.08
H0: r ≤ 1 65.25*  38.59  218.73* 214.72
H0: r ≤ 2 41.80*  34.82  153.48 176.13
H0: r ≤ 3 31.73*  31.31  111.68 141.31
H0: r ≤ 4 24.33  27.32  79.95 110.00
H0: r ≤ 5 18.13  23.72  55.62 82.68
H0: r ≤ 6 12.84  19.88  37.48 58.96
H0: r ≤ 7 11.73  16.13  24.65 39.08
H0: r ≤ 8 10.36  12.39  12.91 22.95
H0: r ≤ 9 2.55  10.56  2.55  10.56
     
 
Notes: The method follows Johansen and Juselius (1990). We assume that a deterministic 
term exists both in the unrestricted model and in the cointegration space. 
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Table 3.5 Bivariate Cointegration between Each Pair of East Asian Currencies 
 
 Test 
Statistics 
HKD IDR MAR PHP SID THB TWD 
         
CNY λ-max 14.32*  10.08  6.47  7.71  16.86*  3.87  9.91  
 λ-trace 16.55* 12.82 9.01 10.20 20.14** 7.02 12.42
    
HKD λ-max 9.67  6.74  6.34  19.17**  3.19  10.09  
 λ-trace 11.19 8.88 7.91 21.39** 5.45 12.72
    
IDR λ-max 17.54*  6.56  16.19*  3.89  4.67  
 λ-trace 18.77*  7.87 17.40*  5.63 6.47
    
MAR λ-max 8.73  19.17**  10.29  4.16  
 λ-trace 10.08  19.71* 11.07 6.47
    
PHP λ-max 12.17#  14.07*  6.30  
 λ-trace 13.11 14.64# 8.10
    
SID λ-max  12.80#  13.97#  
 λ-trace  13.25 18.45*
    
THB λ-max   2.53  
 λ-trace   4.36
         
 
Notes: The method follows Johansen and Juselius (1990). The lag length is set at 13. The 
test statistics are for the test of H0: r=0 against the alternative. The critical values are:  for 
λ-max: at 99% 18.63, at 95% 14.07, and at 90% 12.07; for λ-trace: at 99% 20.04, at 95% 
15.41, and at 90% 13.33 (see Osterwald-Lenum, 1992). #, *, ** refer to significance at 
the 90%, 95%, and 99%, respectively.   
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Table 3.6 Summary of Bilateral Cointegration among East Asian Currencies 
Currencies CNY HKD IDR MAR PHP SID THB TWD 
         
Number 2 2 2 2 2 7 2 1 
      
Among NIE (pairs) 2 Maximum Possible 3   
Among ASEAN 
(pairs) 
6 Maximum Possible 10   
         
 
Notes: This table summarizes results from Table 3.7.  
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Table 3.7 Multivariate Cointegration among the ASEAN Currencies 
 
Hypothesis λ-max 90% critical 
value
λ-trace 90% critical 
value
 
Panel A: group of all ASEAN currencies 
H0: r=0 35.45*  20.90  70.58*  64.74
H0: r ≤ 1 17.86*  17.14  35.13  43.84
H0: r ≤ 2 11.41  13.39  17.27  26.70
H0: r ≤ 3 3.95  10.60  5.87  13.31
H0: r ≤ 4 1.92  2.71  1.92  2.71
 
Panel B: group of all ASEAN currencies and the  Japanese yen 
H0: r=0 45.88*  24.63  82.65 89.37
H0: r ≤ 1 15.71  20.90  36.77 64.74
H0: r ≤ 2 9.51  17.14  21.07 43.84
H0: r ≤ 3 6.75  13.39  11.55 26.70
H0: r ≤ 4 3.21  10.60  4.80 13.31
H0: r ≤ 5 1.59  2.71  1.59 2.71
 
Panel C: group of all ASEAN currencies and the US dollar 
H0: r=0 43.15*  24.63  93.67* 89.37
H0: r ≤ 1 20.57  20.90  50.52 64.74
H0: r ≤ 2 15.30  17.14  29.95 43.84
H0: r ≤ 3 8.30  13.39  14.64 26.70
H0: r ≤ 4 5.50  10.60  6.34 13.31
H0: r ≤ 5 0.84  2.71  0.84 2.71
     
 
Notes: The method follows Johansen and Juselius (1990). We assume that a deterministic 
term exists both in the unrestricted model and in the cointegration space. The ASEAN 
currencies here are the Indonesian rupiah, the Malaysian ringgit, the Philippine peso, the 
Singaporean dollar, and the Thai baht. * indicates significance at the 90% level of 
significance. 
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Table 3.8 Multivariate Cointegration among the NIE Currencies 
 
Hypothesis λ-max 90% critical 
value 
λ-trace 90% critical 
value 
 
Panel A: group of all NIE currencies 
H0: r=0 17.93*  13.39  32.82* 26.70
H0: r ≤ 1 10.52  10.60  14.89* 13.31
H0: r ≤ 2 4.37*  2.71  4.37* 2.71
 
Panel B: group of all NIE currencies and the  Japanese yen 
H0: r=0 25.34*  17.14  58.36* 43.84
H0: r ≤ 1 16.16*  13.39  33.02* 26.70
H0: r ≤ 2 12.40*  10.60  16.85* 13.31
H0: r ≤ 3 4.45*  2.71  4.45* 2.71
 
Panel C: group of all NIE currencies and the US dollar 
H0: r=0 32.73*  17.14  53.58* 43.84
H0: r ≤ 1 14.11*  13.39  20.85 26.70
H0: r ≤ 2 3.99  10.60  6.75 13.31
H0: r ≤ 3 2.76  2.71  2.76 2.71
     
 
Notes: The method follows Johansen and Juselius (1990). We assume that a deterministic 
term exists both in the unrestricted model and in the cointegration space. The NIE 
currencies here are the Hong Kong dollar, the Singaporean dollar, and the new Taiwan 
dollar. * indicates significant at the 90% level of significance. The Korean won is 
excluded because the KOW series is I(0).  
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Table 3.9 Causality in the Bivariate Model with the Dollar or the Yen 
 
Currency Anchor Tests Test 
Statistic
P-value Causality 
or not?
      
Chinese Yuan Dollar F 0.169 0.999 No
 Yen Wald 0.605 0.837 No
  
Hong Kong Dollar Dollar F 0.869 0.579 No
 Yen Wald 0.767 0.684 No
  
Indonesian Rupiah Dollar F 1.653* 0.076 Yes
 Yen F 2.326* 0.007 Yes
  
Korean Won Dollar F 1.198 0.385 No
 Yen F 1.575 0.188 No
  
Malaysian Ringgit Dollar F 0.734 0.718 No
 Yen F 1.173 0.301 No
  
Philippine Peso Dollar Wald 1.360 0.18 No
 Yen F 0.817 0.633 No
  
Singaporean Dollar Dollar F 1.407 0.161 No
 Yen Wald 1.251 0.247 No
  
Thai Baht Dollar F 0.969 0.478 No
 Yen F 0.947 0.500 No
  
New Taiwan Dollar Dollar F 1.528 0.113 No
 Yen Wald 0.683 0.768 No
      
 
Notes: We use the standard F test for the non-cointegrated systems, and the Wald test 
proposed by Dolado and Lutkepohl (1996) for the cointegrated systems. The lag length is 
set at 12, which is consistent with the AIC and the SBC criteria. F refers to the F-test, and 
Wald refers to the Wald test. * indicates that the test statistic is at least significant at the 
10% level, indicating that the null hypothesis of Granger non-causality is rejected.  
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Table 3.10 Causality in the Trivariate Model with the Dollar and the Yen 
 
Currency Anchor Test 
Statistic
P-value Causality or 
not?
  
Chinese Yuan Dollar 0.284 0.991 No
 Yen 0.675 0.776 No
  
Hong Kong Dollar Dollar 1.290  0.223 No
 Yen 1.279 0.229 No
  
Indonesian Rupiah Dollar 1.960*  0.027 Yes
 Yen 2.617*  0.002 Yes
  
Korean Won Dollar 0.577  0.941 No
 Yen 0.932  0.618 No
  
Malaysian Ringgit Dollar 0.875  0.573 No
 Yen 1.301  0.217 No
  
Philippine Peso Dollar 1.902*  0.034 Yes
 Yen 1.372  0.178 Yes
  
Singaporean Dollar Dollar 1.252  0.246 No
 Yen 1.092  0.366 No
  
Thai Baht Dollar 0.659  0.791 No
 Yen 0.637  0.810 No
  
New Taiwan Dollar Dollar 0.901  0.546 No
 Yen 0.319  0.986 No
  
 
Notes: We use the standard F test for the non-cointegrated systems, and the Wald test 
proposed by Dolado and Lutkepohl (1996) for the cointegrated systems. The lag length is 
set at 12, which is consistent with the AIC and the SBC criteria. * indicates that the test 
statistic is at least significant at the 10% level, indicating that the null hypothesis of 
Granger non-causality is rejected. According to the cointegration results shown in Table 
3.3, for Chinese yuan, Hong Kong dollar, Singaporean dollar, and new Taiwan dollar, the 
Dolado and Lutkepohl (1996) Wald tests are used; and for the others, the standard F tests 
are used. 
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Table 3.11 Causality between Each Pair of East Asian Currencies 
 
  CNY HKD IDR KOW MAR PHP SID THB TWD
           
CNY F  3.92* 0.23 0.57 0.40 0.62 0.31 0.49 0.44 
 P  0.00 0.99 0.85 0.96 0.81 0.98 0.91 0.94 
HKD F 0.48  0.32 1.28 0.85 0.85 1.97* 1.37 1.58* 
 p 0.93  0.98 0.22 0.59 0.59 0.02 0.17 0.09 
IDR F 0.42 0.62  1.57* 4.11* 2.89* 1.74* 3.36* 0.80 
 P 0.95 0.81  0.09 0.00 0.00 0.05 0.00 0.64 
KOW F 0.61 0.66 10.82*  4.98* 1.51 1.86* 4.84* 0.46 
 p 0.84 0.78 0.00  0.00 0.11 0.03 0.00 0.93 
MAR F 0.92 0.71 3.26* 3.51*  1.33 1.87* 4.27* 0.86 
 P 0.52 0.73 0.00 0.00  0.19 0.03 0.00 0.58 
PHP F 0.82 1.15 1.53 1.50 0.57  1.18 1.79* 0.79 
 p 0.62 0.31 0.10 0.12 0.86  0.28 0.04 0.65 
SID F 1.18 0.83 2.24* 1.20 0.66 0.74  0.56 0.78 
 P 0.29 0.61 0.00 0.28 0.78 0.70  0.87 0.66 
THB F 0.49 0.43 8.05* 4.55* 2.74* 1.97* 1.71*  0.92 
 p 0.91 0.94 0.00 0.00 0.00 0.02 0.06  0.51 
TWD F 0.78 1.10 2.22* 3.21* 2.22* 1.61* 0.84 2.71*  
 p 0.66 0.35 0.01 0.00 0.01 0.08 0.60 0.00  
           
 
Notes: The numbers should be interpreted as whether causality runs from a currency in a 
row to a currency in a column. The underlined test statistics and p-values are cases 
estimated with Dolado and Lutkepohl (1996) Wald tests for cointegrated systems. The 
rest are estimated with standard F tests. * indicates that the test statistic is at least 
significant at 10% level, implying causality. The lag length of all VAR models is set at 12, 
consistent with the AIC and the SBC criteria. 
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Table 3.12 Causality between Each Pair of East Asian Currencies – An Illustrative 
Summary 
 
 CNY HKD IDR KOW MAR PHP SID THB TWD
          
CNY  → No No No No No No No 
          
HKD ←  No No No No → No → 
          
IDR No No  ←,→ ←,→ → ←,→ ←,→ ← 
          
KOW No No ←,→  ←,→ No → ←,→ ← 
          
MAR No No ←,→ ←,→  No → ←,→ ← 
          
PHP No No ← No No  No ←,→ ← 
          
SID No ← ←,→ ← ← No  ← No 
          
THB No No ←,→ ←,→ ←,→ ←,→ →  ← 
          
TWD No ← → → → → No →  
          
 
Notes: CNY=Chinese Yuan, HKD=Hong Kong Dollar, IDR=Indonesian Rupiah, 
KOW=Korean Won, MAR=Malaysian Ringgit, PHP=Philippine Peso, SID=Singaporean 
Dollar, THB=Thai Baht, TWD=New Taiwan Dollar. “→” indicates that the real 
exchange rate of the row currency Granger causes that of the column currency; and “←” 
indicates that the real exchange rate of the column currency Granger causes that of the 
row currency; “No” indicates that no causality relationship is found between the two 
currencies.  
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Figure 3.1 Real Exchange Rates of Major East Asian Currencies (in logarithm): 
1974-2003 
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Figure 3.1 (continued) 
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Figure 3.1 (continued) 
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Figure 3.2 First Difference in Real Exchange Rates of Major East Asian Currencies 
(in logarithm): 1974-2003 
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Figure 3.2 (continued) 
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Figure 3.2 (continued) 
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APPENDIX B 
Appendix 3.1a Data Explanation: Nominal Exchange Rates 
Countries Source Explanation of the bilateral nominal exchange rate 
   
China OECD MEI CNY/USD exchange rate monthly average  
Hong Kong IMF IFS HKD/USD exchange rate monthly average, market 
rate 
Indonesia OECD MEI IDR/USD  exchange rate period average  
Korea OECD MEI KRW/USD exchange rate monthly average  
Malaysia IMF IFS MAR/USD exchange rate monthly average, official 
rate 
Philippines IMF IFS PHP/USD exchange rate monthly average, market 
rate 
Singapore IMF IFS SID/USD exchange rate monthly average, market rate 
Thailand IMF IFS THB/USD exchange rate monthly average, official 
rate 
Taiwan Domestic 
Source 
TWD/USD exchange rate monthly average 
Japan OECD MEI JPY/USD exchange rate monthly average  
Australia OECD MEI AUD/USD exchange rate monthly average  
Canada OECD MEI CAD/USD exchange rate monthly average  
Great Britain OECD MEI GBR GBP/USD exchange rate monthly average  
India OECD MEI INR/USD exchange rate monthly average  
Mexico OECD MEI MXN/USD exchange rate monthly average  
Belgium OECD MEI 99 BEF-EUR/USD exchange rate monthly average 
Luxemburg OECD MEI 99 LUF-EUR/USD exchange rate monthly average  
Germany OECD MEI 99 DEM-EUR/USD exchange rate monthly average  
France OECD MEI 99 FRF-EUR/USD exchange rate monthly average  
Italy OECD MEI 99 ITL-EUR/USD exchange rate monthly average  
Netherlands OECD MEI 99 NLG-EUR/USD exchange rate monthly average  
Switzerland OECD MEI CHF/USD exchange rate monthly average  
   
 
Notes: OECD MEI – Main Economic Indicator of the OECD; IMF IFS – International 
Financial Statistics of the International Monetary Fund; for Euro zone currencies beyond 
1999, bilateral nominal exchange rates are converted from the Euro conversion rates 
available from the website of European Central Bank: www.ecb.int. 
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Appendix 3.1b Data Explanation: Prices 
Countries Source Frequency Index 
    
China IMF IFS annual GDP deflator, 2000=100 
Hong Kong IMF IFS annual GDP deflator, 2000=100 
Indonesia IMF IFS monthly CPI, 2000=100 
Korea IMF IFS monthly CPI, 2000=100 
Malaysia IMF IFS monthly CPI, 2000=100 
Philippines IMF IFS monthly CPI, 2000=100 
Singapore IMF IFS monthly CPI, 2000=100 
Thailand IMF IFS monthly CPI, 2000=100 
Taiwan Domestic Source monthly CPI, 2000=100 
Japan OECD MEI monthly CPI, 2000=100 
United States OECD MEI monthly CPI, 2000=100 
Australia OECD MEI quarterly CPI, 2000=100 
Canada OECD MEI monthly CPI, 2000=100 
Great Britain OECD MEI monthly CPI, 2000=100 
India IMF IFS monthly CPI, 2000=100 
Mexico IMF IFS monthly CPI, 2000=100 
Belgium OECD MEI monthly CPI, 2000=100 
Luxemburg OECD MEI monthly CPI, 2000=100 
Germany OECD MEI quarterly CPI, 2000=100 
France OECD MEI monthly CPI, 2000=100 
Italy OECD MEI monthly CPI, 2000=100 
Netherlands OECD MEI monthly CPI, 2000=100 
Switzerland OECD MEI monthly CPI, 2000=100 
    
 
Notes: Annual and quarterly data are used as monthly data in computing the real 
exchange rates. 
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Appendix 3.1c Data Explanation: Trade Shares and Trading Partners 
   
 CHINA HONG KONG 
1 JAPAN 0.24 CHINA 0.43 
2 HONG KONG 0.22 UNITED STATES 0.18 
3 UNITED STATES 0.20 JAPAN 0.12 
4 KOREA 0.08 SINGAPORE 0.04 
5 GERMANY 0.06 GERMANY 0.04 
6 SINGAPORE 0.03 KOREA 0.04 
7 UNITED KINGDOM 0.02 UNITED KINGDOM 0.03 
8 ITALY 0.02 FRANCE 0.02 
9 AUSTRALIA 0.02 MALAYSIA 0.02 
10 FRANCE 0.02 ITALY 0.02 
11 NETHERLANDS 0.02 NETHERLANDS 0.01 
12 CANADA 0.02 THAILAND 0.01 
13 INDONESIA 0.02 AUSTRALIA 0.01 
14 MALAYSIA 0.02 CANADA 0.01 
15 THAILAND 0.01 SWITZERLAND 0.01 
   
 INDONESIA KOREA 
1 JAPAN 0.30 UNITED STATES 0.30 
2 UNITED STATES 0.17 JAPAN 0.24 
3 SINGAPORE 0.11 CHINA 0.10 
4 KOREA 0.08 HONG KONG 0.06 
5 GERMANY 0.06 GERMANY 0.06 
6 CHINA 0.05 SINGAPORE 0.04 
7 AUSTRALIA 0.05 AUSTRALIA 0.04 
8 NETHERLANDS 0.03 INDONESIA 0.04 
9 MALAYSIA 0.03 MALAYSIA 0.03 
10 UNITED KINGDOM 0.03 UNITED KINGDOM 0.03 
11 HONG KONG 0.03 CANADA 0.02 
12 THAILAND 0.02 FRANCE 0.02 
13 ITALY 0.02 ITALY 0.02 
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Appendix 3.1c (continued) 
 
   
 MALAYSIA PHILIPPINES 
1 UNITED STATES 0.22 UNITED STATES 0.32 
2 JAPAN 0.22 JAPAN 0.23 
3 SINGAPORE 0.20 SINGAPORE 0.07 
4 KOREA 0.04 HONG KONG 0.06 
5 HONG KONG 0.04 KOREA 0.06 
6 GERMANY 0.04 GERMANY 0.04 
7 THAILAND 0.04 NETHERLANDS 0.04 
8 UNITED KINGDOM 0.04 UNITED KINGDOM 0.04 
9 CHINA 0.03 MALAYSIA 0.04 
10 AUSTRALIA 0.03 THAILAND 0.03 
11 NETHERLANDS 0.03 CHINA 0.02 
12 INDONESIA 0.02 AUSTRALIA 0.02 
13 FRANCE 0.02 FRANCE 0.02 
14 PHILIPPINES 0.02 INDONESIA 0.01 
15 INDIA 0.01   
   
 SINGAPORE THAILAND 
1 UNITED STATES 0.22 JAPAN 0.29 
2 MALAYSIA 0.21 UNITED STATES 0.22 
3 JAPAN 0.17 SINGAPORE 0.11 
4 HONG KONG 0.07 MALAYSIA 0.05 
5 THAILAND 0.06 GERMANY 0.05 
6 CHINA 0.04 HONG KONG 0.04 
7 GERMANY 0.04 CHINA 0.04 
8 KOREA 0.04 KOREA 0.04 
9 UNITED KINGDOM 0.04 UNITED KINGDOM 0.04 
10 FRANCE 0.03 NETHERLANDS 0.03 
11 AUSTRALIA 0.02 AUSTRALIA 0.02 
12 NETHERLANDS 0.02 FRANCE 0.02 
13 PHILIPPINES 0.02 INDONESIA 0.02 
14 INDIA 0.02 ITALY 0.02 
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Appendix 3.1c (continued) 
 
   
 TAIWAN* JAPAN 
1 USA 0.26 UNITED STATES 0.38 
2 JAPAN 0.22 CHINA 0.11 
3 CHINA* 0.16 KOREA 0.08 
4 KOREA 0.06 GERMANY 0.06 
5 GERMANY 0.05 HONG KONG 0.05 
6 SINGAPORE 0.04 SINGAPORE 0.05 
7 MALAYSIA 0.04 THAILAND 0.04 
8 NETHERLANDS 0.03 MALAYSIA 0.04 
9 PHILIPPINES 0.03 AUSTRALIA 0.04 
10 UK 0.03 INDONESIA 0.04 
11 AUSTRALIA 0.03 UNITED KINGDOM 0.04 
12 THAILAND 0.02 CANADA 0.03 
13 INDONESIA 0.02 FRANCE 0.02 
14 FRANCE 0.02   
    
 USA   
1 CANADA 0.28   
2 JAPAN 0.18   
3 MEXICO 0.13   
4 CHINA 0.07   
5 GERMANY 0.06   
6 UNITED KINGDOM 0.06   
7 KOREA 0.05   
8 FRANCE 0.04   
9 SINGAPORE 0.03   
10 ITALY 0.03   
11 MALAYSIA 0.02   
12 NETHERLANDS 0.02   
13 HONG KONG 0.02   
     
 
Notes: Data are over 1991-2000 and are obtained from the Direction of Trade Statistics 
of the IMF. Data of Taiwan are from domestic sources. The averages of the ten year trade 
data are used to compute the trade weights. 
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Chapter Four 
Capital flows and exchange rates: Evidence from a structural VAR model 
 
4.1 Introduction 
The collapse of the Bretton Woods System led major currencies in the industrial 
countries to float. In the subsequent decades, volumes of research on the determination of 
floating exchange rates have been produced. Major theoretical contributions are the 
monetary approach and the portfolio balance approach to exchange rates, with both based 
upon the building blocks of interest rate parity (IP) and purchasing power parity (PPP) in 
international finance theory. In the empirical research, typical explanatory variables of 
exchange rates are economic growth, inflation, interest rate, and money supply. These 
traditional macroeconomic fundamentals are believed to determine the equilibrium 
exchange rates in the long run.  
The exchange rate of a floating currency is determined jointly by the demand and 
supply conditions of the currency in the foreign exchange market, with these conditions 
closely linked to the country’s transactions with the rest of the world. International 
merchandise trade is an important exchange rate determinant in a world with little 
international financial activity. However, with highly liberalized financial accounts, 
capital flows across borders could overwhelm merchandise trade both in volume and in 
their impact on exchange rate fluctuations. Several currency crises that hit both emerging 
markets and industrialized countries during the 1990s were largely the result of problems 
with the financial markets associated with voluminous and unbridled international capital 
flows.  
The Mundell-Fleming model provides an integrated framework for studying the 
internal and external balances of an open economy with flexible exchange rate and 
perfect capital mobility. However, different kinds of capital flows, such as direct 
investment, portfolio investment, bank loans, etc., are treated equally. In today’s diverse 
capital market, different types of capital flows are not only driven by different forces, 
they may have different impacts on the equilibrium exchange rates as well. Brooks, 
Edison, Kumar, and Slok (2004) argue that the impacts of debt flows on exchange rates 
may be limited because such flows are usually hedged; however, equity flows are usually 
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not hedged and therefore their impacts on the currency markets may be greater. 
Surprisingly, the existing literature – empirical or theoretical – has generated little 
understanding of the roles of different kinds of capital flows in determining the exchange 
rate of a floating currency. This paper attempts to fill this void in the literature.  
In this paper, we develop a structural vector autoregressive model (SVAR) to 
examine the dynamics of the exchange rates of the Australian dollar, the Canadian dollar, 
and the US dollar over 1980-2004. Our model incorporates not only traditional 
macroeconomic fundamentals such as national income, the interest rate, the money 
supply, the price level, and the balance of trade, but also various kinds of capital flows, 
such as direct investment, portfolio investment, and other capital flows.  
Our main findings are: 1) traditional macroeconomic fundamentals except the 
interest rate do not explain much of the fluctuations in the Australian dollar or the 
Canadian dollar exchange rates; for these currencies, portfolio investment plays a major 
role in the short-to-medium term exchange rate determinations; 2) for the US dollar, the 
interest rate dwarfs capital flows as the most important factor in explaining exchange rate 
fluctuations over the short-to-medium term. Delayed overshooting is found with the US 
dollar exchange rate in response to an increase in the relative interest rate of the US to the 
rest of the world. However, when the US economy is assumed to be unaffected by most 
of its smaller trading partners, the delayed overshooting is mitigated and the response 
pattern becomes similar to the Dornbusch (1976) overshooting43 . Most findings are 
consistent with the standard wisdom of exchange rate theories, such as uncovered interest 
parity, purchasing power parity, and various predictions of the monetary theories of 
exchange rates.  
                                                 
43  The “delayed overshooting” is used in comparison to the Dornbusch (1976) 
overshooting, both of which describe the responses of exchange rates to shocks to the 
interest rate. With the Dornbusch (1976) overshooting, the nominal exchange rate 
appreciates to some maximum level upon impact of an increase in the interest rate and 
then depreciates gradually towards a new equilibrium. With the “delayed overshooting”, 
the nominal exchange rate will keep appreciating and reach the maximum several periods 
later before turning to depreciate towards the new equilibrium after an increase in the 
interest rate. The “delayed overshooting” puzzle has been observed by Eichenbaum and 
Evans (1995) and Grilli and Roubini (1996). The puzzle has not been fully resolved yet.      
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The contributions of this paper are several: 1) this paper provides fresh evidence 
to the literature of how different types of capital flows differ in their impacts on the 
exchange rates of floating currencies; 2) this paper distinguishes factors that may directly 
change the exchange rates, such as the capital flows and the balance of trade, from those 
that only influence the exchange rates in their long run equilibria via other channels, such 
as the relative income, the money supply, and the interest rate; and 3) the model 
outperforms the single equation monetary model of exchange rate determination by 
giving appropriate attention to the impacts of the capital account and the balance of trade 
on  the exchange rates in a highly financially integrated world. 
The rest of the paper is organized as follows. Section 2 reviews selected current 
literature on the determination of floating exchange rates. Section 3 presents the 
empirical methodology. Section 4 discusses the empirical results. Section 5 examines the 
robustness of the results. Section 6 concludes. 
 
4.2 Selected Review of the Literature 
Among the early theories of the determination of floating exchange rates are the 
monetary model with flexible prices, the monetary model with sticky prices and 
exchange rate overshooting, and the portfolio balance model. Comprehensive surveys of 
related theoretical and empirical research are provided by MacDonald and Taylor (1994) 
and Taylor (1995). A critical discussion of the econometric approaches to the early 
empirical models of exchange rate determination can be found in Pentecost (1991). In the 
empirical research of monetary models to exchange rates, it is believed that the relative 
income, the relative price level, the relative interest rate, and the relative money supply 
jointly influence the expected future path of exchange rate movements (Pentecost, 1991).  
 The monetary class of models assumes that money is an asset, the price of which 
– the exchange rate – is jointly determined by the supply and demand of money. 
Purchasing power parity is assumed to hold continuously, and all other ideal conditions 
also exist, such as perfect information and foresight, perfect substitutability between 
different currencies (different monies) and non-money assets, free capital mobility, a 
two-money world, etc. In the flexible-price version of the monetary model, it is assumed 
that prices adjust instantaneously to their new equilibrium after a shock and thus the 
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exchange rate does not deviate from its equilibrium. In the sticky-price version of the 
monetary model, prices can be sticky to a shock in the short run and thus nominal and 
real exchange rates are allowed to overshoot in the short and medium run before they 
reach their long run PPP equilibrium. (Dornbusch, 1976)  
Testing of the monetary models generates positive evidence for these models 
using data over the 1970s. (Bilson 1979; Frenkel, 1976) When dealing with data beyond 
the late 1970s, neither the flexible-price model nor the sticky-price model fit the data well; 
at best, there is conflicting empirical evidence. (Frankel, 1993; Backus, 1984; and etc) 
Among the explanations for the breakdown of the single equation monetary models to 
data beyond late 70s are the following: either simple monetary models do not incorporate 
the effects of large current account deficits or surpluses (Frankel, 1984, 1993) or 
macroeconomic fundamentals are not sufficient to explain the effects of speculative 
behavior in the foreign exchange market. (Baxter and Stockman, 1989; Flood and Rose, 
1995; and etc) These suggestions point to the direction that the effects of the balance of 
payments components should be considered as well as the macroeconomic fundamentals 
in exchange rate determination models. 
A recent extension of the monetary approach to exchange rate determination is the 
research on the interactions between monetary policies and exchange rates in an open 
economy, represented by Clarida and Gali (1994), Eichenbaum and Evans (1995), Grilli 
and Roubini (1996), Kim (2000), and Kim and Roubini (2000). Most of these works 
adopt structural VAR modeling and are able to trace out responses of nominal or real 
exchange rates to various types of structural macroeconomic shocks. For example, 
Eichenbaum and Evans (1995) find persistent and significant appreciation in the US 
nominal and real exchange rates following a contractionary monetary policy shock. Kim 
(2003) investigates the impacts of foreign exchange intervention and conventional 
monetary policy on the exchange rate and the interactions between the two policies based 
on the US data. He finds that there exist many interactions among the two types of 
monetary policies and the exchange rate, and that foreign exchange intervention not only 
influences the exchange rate substantially, but it reacts to the exchange rate significantly 
as well. Kim and Roubini (2000) have solved several empirical anomalies such as the 
“liquidity” bias, the “price” bias, the “exchange rate” bias, and the “forward discount” 
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bias by estimating a structural VAR model using non-US G-7 data. They also find that 
the impacts of monetary policy shocks on exchange rates are consistent with the 
predictions of a broad set of theoretical models. However, these models focus only on the 
impacts of monetary or foreign exchange policies and may omit important information, 
suggesting the need for further exploration.  
The portfolio balance model of exchange rate determination assumes imperfect 
substitutability between domestic and foreign assets (Branson and Henderson, 1985). The 
private sector is assumed to hold three types of financial assets: domestic money, 
domestic bonds, and foreign bonds denominated in foreign currencies. In the long run, 
any interest income from holding foreign bonds is completely offset by the trade balance 
to maintain a zero current account balance via exchange rate changes.  
There is much less empirical research on the portfolio balance model and hence 
much less evidence for the empirical success of the model in explaining exchange rates. 
(MacDonald and Taylor, 1994; Taylor, 1995) In fact, Frankel (1984) tests the portfolio 
balance model using the mark/dollar exchange rate over 1974:1 to 1978:10 and obtains 
poor results. One problem researchers usually encounter is the lack of concrete definition 
of non-money assets. This question is especially relevant when the financial markets 
today have developed so fully both in breadth, as there are a wide variety of financial 
instruments and enormous volumes of financial assets are traded every day; and in depth 
as financial markets are closely linked across borders, from Frankfort to Tokyo, from 
New York to Sao Paulo. In this context, the data of capital flows on a bilateral basis may 
be hard to obtain if not impossible.  
Two new directions have emerged: 1) exchange rates need to be treated on a 
trade-weighted basis rather than on a bilateral basis in order to take advantage of the 
financial data which are aggregated capital flows from all over the world; and 2) different 
kinds of capital flows may need to be treated separately in order to examine their 
differences, if any, in influencing exchange rates. Indeed, a bilateral exchange rate such 
as the exchange rate of the euro in terms of the dollar does not determine the general 
competitiveness of European goods and assets in the world. Some exchange rate index 
that aggregates bilateral exchange rates of the euro against all other currencies, weighted 
by their relative importance in international transactions, is a more accurate indicator of 
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the general competitiveness of the Euro area in the world. The nominal or real effective 
exchange rate of a currency is an ideal indicator which aggregates the country’s bilateral 
exchange rates against its major trading partners weighted by the relative importance of 
each trading partner in trade.    
Recently, researchers have started to pay attention to the possible influences that 
different kinds of capital flows may have on the exchange rates. (Brooks et al., 2004; 
Athukorala and Rajapatirana, 2003) Brooks, Edison, Kumar and Slok (2004) explore the 
ability of portfolio and foreign direct investment flows to track movements in the 
euro/dollar and the yen/dollar exchange rates. They argue that the low explanatory power 
of traditional variables, such as the long-term interest rate differential, the inflation 
differential, and the relative current account positions, calls for refocusing of the existing 
exchange rate model to take into account various capital flows variables. According to 
them, various kinds of capital flows, such as debt flows, portfolio flows, and direct 
investment flows, are driven by different forces and hence would have different 
influences on exchange rates. They further point out that hedged debt flows should have 
less influence on the exchange rates than unhedged portfolio flows. Using quarterly data 
over 1988:1 to 2000:3, they find that the euro/dollar exchange rate is closely tied to net 
portfolio flows between the Euro area and the United States, while net direct investment 
flows seem to be less important in accounting for exchange rate volatility. The yen/dollar 
exchange rate can be explained more by conventional variables such as the current 
account and the interest rate differential. 
Brooks, Edison, Kumar and Slok (2004) made a successful pioneering attempt in 
accounting for movements in exchange rates by incorporating the possible different 
impacts of different types of capital flows. However, their single equation estimation 
method is subject to two possible problems: 1) the endogeneity of major regressor 
variables, such as the interest rate differential and the capital flow variables; and 2) the 
serial correlation of estimated residuals. As Pentecost (1991) points out in a survey of the 
econometric approaches to empirical asset market model of exchange rates, simultaneous 
equations methods are more successful and are usually able to generate more favorable 
results. 
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4.3 Empirical Methodology 
For decades, the monetary class of models has dominated both theoretical and 
empirical research in exchange rate determination. The monetary class of models can be 
summarized in the following relationship in the long run equilibrium:  
(1)  ),()()( *** ttttttt iimmyyks −−−−−= θ  and ,0, >θk  
where s refers to the natural logarithm of the bilateral nominal exchange rate expressed as 
foreign currency units per domestic currency, (FC/HC), so that an increase in s implies an 
appreciation in the home currency; y and m are the natural logarithms of the levels of real 
national income and the amount of money, respectively; i refers to the interest rate in 
percent per annum; and * refers to the foreign country.  
Equation (1) states that in the long run equilibrium, the nominal exchange rate is 
determined jointly by the macroeconomic fundamentals – the relative income, the relative 
money supply, and the relative interest rate. In the equilibrium, a positive shock to the 
relative money supply leads to depreciation of the home currency; a positive shock in the 
relative income leads to appreciation of the home currency; and a positive shock to the 
relative interest rate leads to depreciation of the home currency 44 ; and vice versa. 
Although empirical research has generated conflicting results, researchers believe that the 
monetary approach to exchange rates may be able to explain exchange rate changes better 
in the long run. (Francis and Lothian, 2001)   
The spot exchange rate is sensitive to any change in the demand and supply of a 
currency in the foreign exchange market. International trade and capital flows are directly 
linked to currency trading, and thus contribute to the fluctuations in the floating exchange 
rates. Various types of macroeconomic “news,” or policy changes, also influence 
                                                 
44 To understand the “puzzling” effects of y and i to the nominal exchange rate, we must 
recognize that these variables only affect the exchange rate via their effect on the money 
demand. The increase in income increases the real demand for money, with a constant 
nominal money supply, the money market equilibrium can only be maintained if the 
domestic price level falls. PPP then implies that the home currency must appreciate in 
order to restore equality between real money demand and real money supply. The 
increase in the interest rate decreases the real demand for money. Given a fixed nominal 
money supply, the money market equilibrium can only be restored if the price level rises. 
PPP then implies that the nominal exchange rate must depreciate. (See Hallwood and 
MacDonald, 2000)  
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exchange rate fluctuations via channels such as expectations and capital flows. Taking 
these into account, we assume that the nominal exchange rate of a currency is subject to 
nine structural shocks: the relative income shock, the relative interest rate shock, the 
relative money supply shock, the relative price shock, the direct investment shock, the 
portfolio investment shock, the balance of trade (or current account) shock, the shock in 
other capital flows (such as international bank loans and deposits), and other shocks to 
the exchange rate.  
Our data vector for each country is '),,,,,,,,( tt eroctbpodipdmdrdydX = , where 
ydt represents the relative income, );( *tt yy −  rdt is the relative interest rate, );(
*
tt ii −  mdt 
is the relative money aggregate, );( *tt mm −  pdt is the relative price level, );(
*
tt pp −  dit is 
the net direct investment; pot is the net portfolio investment; tbt is the balance of trade (or 
current account); oct represents the net balance of all other capital flows; ert is the 
nominal exchange rate; and * refers to the largest trading partners in this study. The first 
four variables – tyd , ,trd ,tmd and tpd  – are the conventional macroeconomic 
fundamentals in the traditional models. The following four variables – dit, pot, tbt, and oct 
– are the balance of payments variables, the influences of which are yet to be examined.  
  We assume that the relationships among the nine variables can be described by 
the following structural VAR model: 
(2)    t
n
i
itit XAXA ε∑
=
− +=
1
0   
where Xt’s are as defined above. 0A  is a nonsingular 9x9 matrix capturing the 
contemporaneous interactions among the variables. The sAi ' , i = 1, 2,…n, are also 9x9 
and describe the lagged interactions among the variables. The εt’s are the i.i.d structural 
disturbances and .)( IVar t =ε
'),,,,,,,,( t
eroctbpodipdmdrdyd
t εεεεεεεεεε = , where
ydε  is 
the relative income shock, rdε  is the relative money supply shock45, mdε  is the relative 
                                                 
45 In Kim and Roubini (2000), the shock to the short-term interest rate is considered the 
supply shock in the money market, while the shock to the money supply is taken as the 
money demand shock. In this study, it is the relative interest rate and the relative money 
supply, defined to be the differentials between the variables of the home country and 
those of the country’s largest trading partners, that are used in the model. Hence, the two 
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money demand shock, pdε  is the relative price shock, diε  is the direct investment shock, 
poε  is the portfolio investment shock, tbε  is the trade balance shock46, ocε  is the shock 
to all other capital flows, and erε  is the exchange rate shock. 
 We assume that A0 has the non-recursive structure with contemporaneous 
restrictions as proposed by Sims (1986) and Bernanke (1986). Contemporaneous 
restrictions on structural VAR models are used extensively by researchers in studying the 
interactions among monetary policies and exchange rates. Among them are Eichenbaum 
and Evans (1995), Cushman and Zha (1997), Grilli and Roubini (1996), Kim and Roubini 
(2000), Kim (2003), Kim (2005), etc.  
There are several benefits from using the contemporaneous restrictions: 1) the 
long run relationships among macroeconomic fundamental variables and various balance 
of payments variables remain unclear and elusive, while short run relationships tend to be 
more easily identified from standard wisdom; 2) the impacts of some of the balance of 
payments shocks on the exchange rate can be transitory, making contemporaneous 
restrictions more appropriate; and 3) using contemporaneous restrictions, we do not need 
to impose any restrictions on the lagged variables and thus let the data reveal the lagged 
interactions among the variables.     
 The following matrix form of (2) shows the restrictions on the contemporaneous 
interactions in matrix A0:  
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shocks are defined as the relative money supply shock, and the relative money demand 
shock, respectively.   
46 We have also considered caε , the current account shock, in the robustness analysis. 
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4.3.1 Identification assumptions  
Relative income  
Equation (3.1) captures the dynamics of the relative income between home 
country and the rest of the world. For any country, national income (real GDP) may 
respond to changes in the interest rate, the money supply, the capital flows, and the 
nominal exchange rate only with a lag. Thus, a12 =… = a16 =a18= a19 = 0. Trade balance 
may be an exception. Net exports are a component of GDP, as such, contemporaneous 
trade shocks influence current total output. That is, 017 ≠a
47.  
Equations (3.2) and (3.3) represent the monetary policy sector, the reaction 
functions of the interest rate and the money stock. Following Kim and Roubini (2000) 
and Kim (2003), equations (3.2) and (3.3) are defined as the relative money supply and 
the relative money demand equations, respectively.   
 
Relative money supply 
Equation (3.2) is assumed to be the relative monetary policy reaction function, 
following Kim and Roubini (2000). For any economy, the monetary policy reaction 
function is supposed to show how the monetary authority responds to shocks to both the 
internal and the external sectors via interest rate targeting. Standard monetary theory 
implies that real money supply is influenced by shocks to the national income and the 
price level48 contemporaneously – within a quarter in this study. Thus, we assume that the 
relative money supply be affected contemporaneously by the relative income shock and 
the relative price level shock. Since the monetary authority is also able to react to the 
value of money over a quarter, we assume that the relative money demand shock also 
affects the relative money supply contemporaneously. Following Kim (2003), we assume 
                                                 
47  However, if we assume that the majority of trade takes longer than a quarter to 
complete so that the rest only has trivial contemporaneous impact on current GDP that 
can be ignored, we could assume .017 =a  We examine the robustness of the results by 
making this assumption in section 4.5.   
48 In Kim (2005), the interest rate is assumed not to respond to shocks to the real output 
or the price level contemporaneously because the monthly data will not be available for 
the monetary authority to respond in time. In this study, quarterly data are used. We 
believe that within a quarter, there can be sufficient information available for the 
monetary authority to peruse.     
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that the relative money supply is also affected by the shock to the nominal exchange rate 
contemporaneously since the monetary authority may respond to such shocks by 
adjusting the interest rate.     
We assume that the monetary authority needs longer than a quarter to evaluate the 
true impacts of changes in the balance of payments before making any policy adjustment. 
Direct investments are the foreign funds injected into domestic production projects, such 
as building new plants, forming joint ventures, etc. The impact of such investments on an 
economy can only be felt with a lag, so .025 =a  The impacts of portfolio investments, 
mainly short-term foreign investments in domestic stock and bond markets, and 
international bank loans and deposits, are more unpredictable due to their volatile nature. 
Hence it is very unlikely that domestic monetary authority would respond to these shocks 
within a short period of time before understanding their true impacts on the economy. 
Thus, .02826 == aa  
We also assume that the monetary authority may not respond to shocks to the 
balance of trade (or the current account) contemporaneously for at least two reasons. First, 
if the shock is more persistent, such as a change in taste, such a shock may usually 
influence the economy with a lag, at least longer than a quarter. For example, a sudden 
change in tastes leads to increased demand for domestic goods by foreign consumers. 
New orders will be placed by foreign importers. In practice, the process of sourcing and 
placing new orders usually takes time – at least a few months. Newly placed foreign 
orders for domestic goods will then influence home output (income) gradually via 
multiplier effects. However, the direct result of this shock – a change in foreign 
consumers’ tastes – will only be recorded in the balance of payments with an even longer 
lag, when the new orders are completed and the goods delivered. Hence, the monetary 
authority will only be able to identify such shocks several periods later. Second, if the 
shocks are more temporary in nature, such as a temporary increase in orders the 
production of which is already underway, the impacts of such shocks may be transitory 
too. It may not be worth it for the monetary authority to respond. Hence, 027 =a .  
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Relative money demand 
Equation (3.3), tmd , is the equation for the relative money demand. Standard 
monetary theory implies that real money demand is affected by income and the interest 
rate. Thus, we assume that the relative money demand is affected by shocks to the 
relative income, the interest rate, and the relative price level, contemporaneously – over a 
quarter in this study. For similar reasons discussed above with the relative money supply 
equation, we assume that shocks to the capital flows or the balance of trade do not 
influence the relative money demand contemporaneously, so .038373635 ==== aaaa  
Following Kim and Roubini (2000), we assume that the relative money demand does not 
change contemporaneously to shocks to the nominal exchange rate, so 039 =a
49. This 
holds better if countries use sterilized intervention to influence the nominal exchange rate. 
For example, in order to tackle the appreciation in the dollar, the US Fed may buy foreign 
currencies in the foreign exchange market, and at the same time, sell government 
securities at home to offset the increase in the monetary aggregate as a result of the 
foreign exchange intervention. By selling government securities at home, the interest rate 
at home is boosted up.  
 
Relative price50 
Equation (3.4) describes the dynamics of the relative price. We believe that prices 
are sticky in the short run so that contemporaneously, the relative price is exogenous to 
all variables except the relative income. Thus, .0... 49454342 ===== aaaa   
Equations (3.5) to (3.8) capture the dynamics of the balance of payments variables. 
  
Direct investment 
Decisions on direct investments, represented by equation (3.5), are usually 
deliberated long before the foreign funds are applied to the designated projects. This 
                                                 
49 In Kim and Roubini (2000), exchange rate is assumed to enter the interest rate function 
contemporaneously but not the function of the money stock.  
50 In Kim and Roubini (2000), the supply (productivity) shock is allowed to influence the 
price level within a month. We doubt this assumption would be too strong given price 
stickiness. However, within a quarter, this should hold better. We have also tried the 
alternative of having 041 =a  and get very similar results.     
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indicates that, contemporaneously, direct investments are exogenous to all shocks so that 
.0...... 59565451 ====== aaaa   
 
Portfolio investment 
Portfolio (equity and debt) investments, described by equation (3.6), can be more 
volatile and sensitive than direct investments to shocks in the current relative income, 
relative money supply, relative money demand, and nominal exchange rates 51 . We 
assume that, contemporaneously, shocks to the relative price level, direct investment, 
other capital flows, and balance of trade do not influence the portfolio investment. That is, 
068676564 ==== aaaa . 
 
Balance of trade 
The balance of trade52 (the current account) – equation 7 of system (3) – is 
assumed to be independent of all shocks contemporaneously except the relative income 
shock and the relative price level shock. This implies a72 = a73 = a75 = a76 = a78 = a79 = 
0. We assume that a change in the nominal exchange rate may only influence the trade 
balance with a lag53.  
                                                 
51 Kant (2005) has found that while portfolio equity and debt investments are responsive 
to interest rates, direct investments are not.  
52  The benchmark estimation is based on the balance of trade data. We have also 
estimated the model using the balance of the current account data. See section 4.5.   
53 This assumption implies that trade is relatively inelastic to exchange rates at least 
within a few months. In international trade, the exchange rate risk is usually hedged 
especially for large trade orders so that any shock to the exchange rate may not influence 
such orders, at least within a few months. Even if we assume that the exchange rate risk 
is not hedged, the impact of exchange rate changes on trade can still be limited within a 
short notice of time (a quarter in our study) because of the inertia of consumption and the 
fact that it takes time for buyers to switch to suppliers from other countries. Trade can 
become more elastic to exchange rates in the long run. For example, home currency is hit 
by a depreciation shock. This makes imports more expensive and exports cheaper for the 
home country. Foreign exchange risk is usually well hedged for existing large orders so 
that they may not be influenced by the depreciation. Small home importers may want to 
find even cheaper sources or press the foreign suppliers to cut down prices, but 
contemporaneously may continue to import at a similar level to maintain their business 
and market. Small home exporters may expect more orders from abroad, but it takes time 
for it to have an impact on the actual trade balance. In one word, it takes time for a real 
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Other capital flows    
  We assume that other capital flows – the “catch-all” type of foreign investment 
other than the direct investment and the portfolio investment – respond to all shocks 
contemporaneously. These capital flows are mainly composed of bank loans and deposits. 
For example, positive expectations as a result of a higher income at home may attract 
foreign funds to flow into the country initially in the form of banking deposits which may 
be invested in the home economy in other forms later. A positive shock to direct 
investment can mean a decrease in the other capital flows because the funds can be 
transferred from a foreign-owned bank account to fund the domestic project. For the 
same reason, current portfolio investment shocks and current shocks to the balance of 
trade can mean a change to the total bank deposits54. Given their sensitive and volatile 
nature, short-term bank deposits and portfolio investments are usually considered “hot 
money”. It is almost uncontroversial that flows of “hot money” are sensitive to exchange 
rate changes even within a very short period of time.  
 
Nominal exchange rate 
Finally, nominal exchange rates are assumed to be subject to all shocks 
contemporaneously.  
 
4.3.2 Estimation 
Structural VAR models, such as (2) and (3), are usually not directly estimated. 
We first estimate the reduced-form VAR as the following: 
(4)     t
n
i
itit eXGX +=∑
=
−
1
 
                                                                                                                                                 
sector such as the international merchandise and service trade to respond and adjust to an 
exchange rate shock since decisions are made by managers on every ring of a whole 
supply chain. Another argument is that if pricing to market dominates in trade of the 
industrialized countries studied here, exchange rate changes should have little impact on 
trade, at least contemporaneously. In section 4.5, we will examine the robustness of the 
results by assuming .079 ≠a      
54 In fact, we have found the “crowding out” effect between the other capital flows and 
the direct investment flows or the portfolio investment flows in section 4.4.  
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where Gi’s, i=1, 2, …, n, are the 9x9 estimated lagged coefficient matrices of Xt’s. The et 
is a 9x1 vector of estimated white-noise residuals of all nine equations in system (3) and 
Σ=)( teVar  is the symmetric 9x9 covariance matrix of residuals. The following relations 
hold between the structural model in (2) and the reduced-form model in (4):  
(5)    Gi = A0-1Ai, i = 1, 2, …, n, and  
(6)     tt Ae ε
1
0
−=  
which implies 
(7)     ∑=−− )'( 10
1
0 AA   
The 31 free parameters in A0 can be obtained only through the sample estimate of .Σ  The 
model is over-identified, since there are 31 free parameters to be estimated in A0, while 
.Σ gives 45 restrictions. That is, we will solve for 31 unknowns in 45 equations. A0 can be 
estimated with the maximum likelihood method.    
 
4.4 Empirical Results 
4.4.1 The data 
In this study, we examine three floating currencies: the Australian dollar, the 
Canadian dollar, and the US dollar. Quarterly data over 1980-2004 are used for empirical 
estimation. By selecting this period, we avoid the oil shocks during the early 1970s and 
can take advantage of the increasingly integrated and developed world capital markets. 
These currencies are not only representative of floating currencies, but the financial 
markets of their host countries are relatively open and well developed. In addition, none 
of them has experienced any major currency crisis for the period of time that is examined.  
The data are obtained from the International Financial Statistics of the IMF. The 
income is real GDP. The interest rate is the three-month treasury-bill rate. The money 
stock is the M1, following the existing studies of monetary models of exchange rate 
determination55. The price level is the CPI. The balance of trade is the balance of goods 
and services (or the balance of the current account). The balance of trade (or current 
account), the net direct investment, the net portfolio investment, and the net other capital 
                                                 
55 Refer to Frankel (1984, 1993) and Kim and Roubini (2000) for the use of M1 money 
aggregate in empirical studies. We examine the robustness of our results to the use of the 
M2 money aggregate. The results are qualitatively similar and are available upon request.  
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flows are all expressed as percentages of the trended nominal GDP56. The nominal 
exchange rate is nominal effective exchange rate 57 , where an increase indicates 
appreciation of the home currency. All variables are seasonally adjusted when necessary. 
The data vector and the variables are as defined in section 4.3.   
 
4.4.2 Estimated contemporaneous parameters of A0   
The baseline model is estimated with two lags. For monthly data, either six or 
twelve lags are commonly used in the literature. For example, Eichenbaum and Evans 
(1995), Kim and Roubini (2000), Kim (2003 and 2005) use six lags; Cushman and Zha 
(1997) use twelve lags. We have tested for the lag length using the Akaike Information 
Criterion and the Schwarz Bayesian Criterion. For all three countries, the AIC test favors 
longer lags, while the SBC test favors shorter lags58. In our selection of the lag length, we 
prefer the shorter lags by the SBC for the concern of preserving degrees of freedom. 
Furthermore, for simplicity, we assume two lags for all three countries. Meanwhile, we 
test the robustness of the results using four lags in section 4.5 and get comparable results.     
Income, the money aggregate, the price level, and the nominal exchange rate are 
all in log levels. All other variables are in levels59 . Table 4.1 shows the estimated 
contemporaneous parameters of 0A .  
[Table 4.1 about here] 
                                                 
56 The trended real GDP is first computed and then converted back to trended nominal 
GDP using GDP deflator. We also use the original GDP data and get similar results.  
57 The nominal effective exchange rate data are from the IMF IFS. It is an index number 
calculated as the trade-weighted average of the bilateral nominal exchange rates against 
major trading partners. An increase in the index number indicates appreciation of the 
home currency. 
58 Evidence suggests that minimizing the Akaike Information Criterion may lead to over-
parameterization. (Sawa, 1978) 
59  All series enter the estimation without differencing. According to Fuller (1976, 
Theorem 8.5.1), differencing produces no gain in asymptotic efficiency in an 
autoregression, even if it is appropriate (See RATS 6 User’s Guide, p331, Should I 
difference?). In a VAR, differencing throws information away while produces no gain. 
Also see Tiao and Box (1981) and Tiao and Tsay (1983). The estimation is done with the 
Bayesian method using Monte Carlo Integration of 10,000 draws by applying the 
Gaussian approximation of the posterior of A0. The Bayesian method does not require 
differencing. (see Sims, 1988; Sims and Uhlig, 1991) 
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 Most of the parameters are estimated to have the right sign according to standard 
theories. For example, 92a  is negative for all three countries, indicating that an increase in 
the relative interest rate in favor of the home country leads to appreciation of the home 
currency upon impact, consistent with the expected performance of the nominal exchange 
rate with sticky prices in the short run. The parameters of all three capital flows are 
negative, indicating that upon impact, a net inflow of capital flows, regardless of type, 
causes appreciation in the home currency. The balance of trade also has a negative sign, 
indicating that an increase in net export causes the home currency to appreciate upon 
impact. However, the contemporaneous parameters only tell about the interactions among 
the variables upon impact of shocks. In the following sections, we also examine the 
impulse responses and the variance decompositions to see how the entire model works.     
 
4.4.3 Impulse responses 
[Figure 4.1] 60 
In Figure 4.1 we show the impulse responses of nominal exchange rates to the 
nine shocks over 20 quarters for the three currencies. The upper and lower lines are the 
one-standard-deviation error bands61.  
 
A. Responses to the macroeconomic fundamental shocks 
According to the single equation monetary model to exchange rates in (1), an 
increase in the relative income causes the home currency to appreciate; an increase in the 
relative monetary aggregate causes the home currency to depreciate; and an increase in 
the relative interest rate causes the home currency to depreciate in the long run 
equilibrium. Purchasing power parity implies that an increase in the relative price level 
causes the home currency to depreciate in the long run.   
                                                 
60 The error bands of impulse responses are generated from 10,000 draws by Monte Carlo 
Integration following Sims and Zha (1999). This is a Bayesian method which employs a 
Gaussian approximation of the posterior of A0. The scale shows the percentage deviation 
from an underlying growth path.  
61 Intervals between the upper and lower dashed lines contain two standard errors, which 
correspond to the 16% and 84% fractiles, respectively. The one- standard-deviation error 
bands are used extensively in the literature, such as Cushman and Zha (1997), 
Eichenbaum and Evans (1995), Kim and Roubini (2000), etc.    
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Our results confirm these predictions in most cases. A positive shock to the 
relative income causes statistically significant appreciation in the Canadian dollar over 
time. However, the responses of the Australian dollar and the US dollar are insignificant. 
A positive shock to the relative money demand causes statistically significant 
depreciation in the Australian dollar and the US dollar over time, while the responses of 
the Canadian dollar are insignificant. The responses of the three currencies to a positive 
shock to the relative price level are insignificant, even though all currencies show 
depreciating responses. A trade surplus causes the home currency to appreciate over time. 
However, the responses are not significant.  
Responses to positive shocks to the relative money supply are interesting. For the 
Australian dollar and the Canadian dollar, results are consistent with the Dornbusch 
(1976) overshooting with sticky prices. That is, nominal exchange rates almost appreciate 
to their maximum levels upon impact of the shocks – with approximately one or two 
quarters lags – then depreciate. For the US dollar, a positive shock to the relative interest 
rate causes the so-called delayed overshooting, as found by Eichenbaum and Evans (1995) 
on US data and Grilli and Roubini (1996) on the non-US G-7 data. That is, nominal 
exchange rate appreciates gradually for about 10 quarters (2.5 years) before reaching its 
maximum and turning to depreciate.   
This delayed overshooting puzzle has not yet been fully resolved in the literature. 
Cushman and Zha (1997) argue that the puzzle of delayed overshooting is generated by 
inappropriate monetary policy identification restrictions. By assuming block exogeneity 
of the US economy relative to the Canadian economy in a structural VAR model, they 
find that the delayed overshooting disappears for the Canadian dollar exchange rate in 
response to a contractionary monetary policy shock. Kim (2005) offers an explanation by 
introducing the interactions between the foreign exchange policy and the conventional 
monetary policy. He argues that the “leaning-against-the-wind” foreign exchange 
intervention may have delayed the overshooting of nominal exchange rates upon impact 
of conventional contractionary monetary policy shocks. When the foreign exchange 
intervention effects fade out over time, the more prolonged monetary policy effects show 
up as the exchange rate keeps appreciating to its maximum. His conjecture is formally 
confirmed using Canada data over 1975:1 – 2002:2.     
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In general, our results of responses of nominal exchange rates to macroeconomic 
fundamental shocks are consistent with traditional theories of exchange rate 
determination.   
 
B. Responses to the capital flows shocks 
One focus of this paper is to identify the difference, if any, in the influence of 
various types of capital flows on nominal exchange rates. In the Mundell-Fleming model, 
different types of capital flows are all lumped under the same category, when, indeed, 
different types of capital flows, while driven by different forces, may have different 
impacts on the nominal exchange rates. 
A net inflow of direct investments causes statistically significant appreciation in 
the Australian dollar over time, in the Canadian dollar over the first few quarters upon 
impact of the shock, and in the US dollar over the 3rd to the 5th quarters.  
A net inflow of portfolio investments causes statistically significant appreciation 
in the Australian dollar and the Canadian dollar over a long time. However, the US dollar 
exchange rate hardly responds to a shock to the portfolio investment, implying that 
shocks to portfolio investments play a far less important role in determining the exchange 
rate of a relatively large and closed economy as the US.  
Responses of exchange rates to other capital flows are negligible for the 
Australian dollar and the US dollar. For the Canadian dollar, there is only a very small 
significant appreciation upon impact of the net inflow of other capital flows.  
Finally, a positive shock to the nominal exchange rate causes statistically 
significant appreciation in all three currencies over time.    
In sum, the Australian dollar and the Canadian dollar exchange rates have similar 
impulse responses to shocks in the various types of capital flows. Their exchange rates 
are most responsive to changes in the portfolio investments. The US dollar is almost 
unresponsive to changes in the capital flows62.  
 
                                                 
62 We provide an explanation in section 5 by assuming exogeneity of the US economy. 
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4.4.4 Variance decompositions 
 In Table 4.2, we present the forecast error variance decompositions of nominal 
exchange rates to various shocks. This helps us understand the relative importance of 
different structural shocks to exchange rate fluctuations over time. We report the results 
at the 1st, 4th, 8th, 12th, and 20th quarters. The numbers in parentheses are the standard 
errors at 95% level of significance.  
[Table 4.2 about here]63 
 For the Australian dollar, the portfolio investment shocks, the relative money 
supply shocks, and the direct investment shocks are the three most important factors that 
explain the exchange rate fluctuations. Portfolio investment shocks contribute 42%-48% 
of total exchange rate changes over time. The relative money supply shocks contribute 
15%-23% of total exchange rate fluctuations. And direct investment shocks contribute 
11%-12% of total exchange rate variances.  
For the Canadian dollar, the nominal exchange rate shocks, the portfolio 
investment shocks, and the relative money supply shocks are the three most important 
factors explaining exchange rate fluctuations in the Canadian dollar in the short run. 
Contribution of the nominal exchange rate shocks to the total variance of the Canadian 
dollar exchange rates range from 17% to 38%. The portfolio investment shocks explain 
around 18%-32% of total exchange rate changes. The relative money supply shocks 
contribute around 15%-22% of total exchange rate fluctuations. An interesting finding is 
that the contribution of the relative income shock is rapidly increasing over time. In 20 
quarters, the relative income shock explains the most of exchange rate fluctuations 
among all shocks, contributing 25% of total variances.   
For the US dollar, the three most important factors that explain the US dollar 
exchange rates are the nominal exchange rate shocks, the relative money supply shocks, 
and the portfolio investment shocks, respectively. The nominal exchange rate shocks 
account for around 21%-66% of total US dollar fluctuations. The relative money supply 
shocks account for around 8%-32% of total exchange rate changes. The portfolio 
investment shocks account for only about 7%-12% of total US dollar variances.  
                                                 
63 The standard errors are generated using the same method as the error bands of the 
impulse responses at the 95% level of significance. 
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The relative money supply shocks are among the three most important factors for 
the exchange rates of all three currencies on average, indicating that among the traditional 
macroeconomic fundamentals, it plays the most important role in determining floating 
exchange rates. Other macroeconomic fundamentals, such as the relative money demand 
shocks, the relative price level shocks, and the balance of trade shocks, only explain a 
small portion of total exchange rate fluctuations. They jointly account for around 20%-
30% of total exchange rate fluctuations.  
Among the capital flows, portfolio investments influence the exchange rates the 
most for the Australian dollar and the Canadian dollar, while direct investments and other 
capital flows are much less important. However, influences of capital flows are much 
smaller for the US dollar. These findings may indicate that influences of capital flows, 
especially portfolio investments, on exchange rates, may depend on the relative size and 
openness of the country. This is worth more research in the future.  
 We have found the following differences in impulse responses and variance 
decompositions among the US dollar, the Australian dollar, and the Canadian dollar 
exchange rates: 1) both the Australian dollar and the Canadian dollar appreciate by a 
larger magnitude to shocks in portfolio investments, to which the US dollar hardly 
responds; 2) both the Australian dollar and the Canadian dollar appreciate to the 
maximum possible level almost upon impact of a positive shock to the relative interest 
rate, while the overshooting delays for the US dollar; 3) for the Australian dollar and the 
Canadian dollar exchange rates, portfolio investment shocks contribute a lot to their 
fluctuations, while capital flows account for very little of the US dollar fluctuations; and 
4) relative money supply shocks seem to contribute more to the US dollar fluctuations 
than to the Australian dollar or the Canadian dollar fluctuations.   
Some explanations may be offered. First, Australia and Canada are relatively 
small and open, while the US is relatively large and closed. Any external shock, such as 
shocks to capital flows or the balance of trade, can be absorbed more easily and quickly 
by the US economy. Thus they will have less impact on the US dollar exchange rates. 
Second, the US dollar is more a global currency, while the Australian dollar and the 
Canadian dollar are used mainly nationally or regionally (at best). Being the global 
vehicle currency makes it easier to have the impacts of capital flows to and from the US 
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offset by demand and supply of the dollar elsewhere in the world. On the other hand, the 
Australian dollar or the Canadian dollar are used within more restricted regions, thus 
capital flows, especially the more speculative and volatile portfolio investment flows, 
may have long-lasting impacts that can only be digested gradually by the currencies over 
time. Third, the US economy is much larger than most of its major trading partners, 
implying that the US may be exogenous to shocks of its smaller trading partners. Thus, it 
may be inappropriate for us to compute the relative variables for the US against its 
trading partners. In the next section, we consider this possibility of exogeneity to address 
the delayed overshooting puzzle of the US dollar exchange rate.  
 
4.5 Robustness Analysis 
4.5.1 Different number of lags and alternative model identifications  
 We examine robustness of the benchmark results in four ways: 1) estimating the 
benchmark model with four lags instead of two lags; 2) replacing the balance of trade 
with the balance of the current account in the benchmark model; 3) ignoring the 
contemporaneous impacts of the trade shocks to the relative income by assuming a17=0; 
and 4) allowing contemporaneous effects of the nominal exchange rate on the balance of 
trade by relaxing the restriction on a79. Impulse responses of these alternative model 
specifications are reported in Figures 4.2 to 4.5 in the same order64. As can be seen, the 
results are similar for all three currencies to the benchmark results, implying that our 
benchmark results are robust. 
 One interesting point is that using a higher lag length for the US data, the delayed 
overshooting puzzle has been mitigated. In response to a contractionary monetary policy 
shock – a positive relative money supply shock – the US dollar exchange rate appreciates 
to its maximum level about two quarters after the shock first hits, comparable to the 
findings with the Australian dollar and the Canadian dollar exchange rates in the 
benchmark model. The difference is that the depreciation process afterwards is much 
slower than that with the former two. On one hand, this is consistent with explanations 
provided by Kim (2005). That is, the foreign exchange intervention effect may play a 
                                                 
64 Variance decompositions of revised models are not reported but are available upon 
request. As the impulse responses, they are very similar to the benchmark results. 
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substantial role during early stages of exchange rate adjustments. A longer lag in 
estimation is better able to account for that effect and show the true responses of 
exchange rates to the conventional monetary policy shock. On the other hand, the 
persistency in the long and gradual adjustment may be the result of the US dollar being a 
“world” currency, the exchange rates of which may be subject to frequent interventions 
from countries other than the US itself. Next, we will try to address this again from the 
perspective of the exogeneity the US economy.     
[Figures 4.2 to 4.5 about here] 
 
4.5.2 Explaining delayed overshooting in the US dollar exchange rate 
[Table 4.3 about here] 
Our approach here to address the delayed overshooting of the US dollar is to 
assume exogeneity of the US economy. We assume that Japan represents the rest of the 
world for the US and that the relative variables, yd, md, rd, and pd, are all computed 
against the Japanese macroeconomic indicators. In Table 4.3, we provide a comparison of 
the estimated contemporaneous parameters between the benchmark model and the 
exogeneity model. In Figures 4.6, we report the impulse responses of nominal exchange 
rates to all nine shocks in the exogeneity model.  
[Figure 4.6 about here] 
As can be seen, most coefficients are highly comparable to the benchmark results. 
When excluding the smaller trading partners and assuming Japan to represent the rest of 
the world for the US, results look more refined. The US dollar exchange rate now 
responds by a statistically significant appreciation to a positive shock to the portfolio 
investment, the direct investment, or the balance of trade. Responses to other factors 
remain basically unchanged. One gain from this modification is that the delayed 
overshooting of the exchange rate in response to a positive relative money supply shock 
has been largely altered. The exchange rate appreciates to its maximum level in about 2-3 
quarters after the initial impact of the shock, flattens out for about 4-5 quarters, and 
depreciates quickly afterwards. The impulse responses are more consistent with those of 
the Dornbusch (1976) overshooting. Variance decompositions do not deviate much from 
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the benchmark. Our findings suggest that exogeneity does matter for a large and 
relatively closed economy like the US in our VAR modelling.  
[Table 4.4 about here] 
 
4.6 Conclusion 
 This paper develops a structural VAR model to explain the determination of 
exchange rates of floating currencies, incorporating both traditional macroeconomic 
fundamentals and various capital flows. In the model, nominal exchange rates are 
assumed to be subject to nine structural shocks: the relative income shock, the relative 
interest rate shock, the relative money stock shock, the relative price level shock, the 
direct investment shock, the portfolio investment shock, the balance of trade shock, the 
other capital flows shock, and the exchange rate shock. The model is then applied to the 
Australian dollar, the Canadian dollar, and the US dollar exchange rates over 1980-2004.  
 We find that for small open economies like Australia and Canada, portfolio 
investment is an important determinant of exchange rates as well as the relative interest 
rate. Other traditional macroeconomic fundamentals do not explain much of the exchange 
rate fluctuations. For relatively large and closed economies like the US, capital flows are 
much less important than expected. The relative interest rate and shocks to the exchange 
rates are among the most important factors. Other traditional macroeconomic 
fundamentals do not seem as important as expected. Most of our findings are consistent 
with the standard wisdom of exchange rate determinations in the existing literature. Our 
model is quite successful in capturing the interactions between capital flows and 
exchange rates for small open economies. However, for relatively large and closed 
economies, like the US, more research needs to be done for a more complete 
understanding of exchange rate determination. 
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Table 4.1 Estimated Contemporaneous Parameters of 0A  
 
Australia Canada US  
Coefficient Std. error Coefficient Std. error Coefficient Std. error 
       
A17 -0.002 0.007 0.001  0.003 0.007  0.011
A21 -5.022  16.858 19.589  9.149 -4.584  8.781
A23 1.335  7.429 4.944  5.049 4.394  6.295
A24 -2.922  19.046 20.676  14.786 3.735 15.586
A29 13.716  5.875 7.044 7.173 1.132  4.394
A31 -1.479 0.374 0.223  0.398 -0.170  0.319
A32 0.006 0.007 0.007  0.007 0.004  0.006
A34 -0.609 0.449 0.677  0.630 0.629  0.565
A41 0.007 0.089 0.043  0.069 -0.114  0.066
A61 -7.491 17.315 -9.675  11.603 6.279  3.584
A62 -0.243 0.198 -0.078  0.170 -0.079  0.049
A63 6.961 6.067 -2.300  3.300 -1.794  1.501
A69 14.756 5.171 13.522  8.053 1.462  2.017
A71 -2.436 6.395 1.738  2.226 1.380  3.171
A74 -1.771 3.650 13.707  6.793 5.163  2.702
A81 -1.484 6.380 -29.798  8.050 -3.396  4.055
A82 0.034 0.059 -0.030  0.101 -0.035  0.049
A83 2.684 1.904 -0.741  2.543 0.006  1.412
A84 -0.700 7.119 9.472 13.748 -11.574  7.267
A85 0.469 0.149 0.830  0.148 0.442  0.143
A86 0.658 0.134 0.919  0.128 0.641  0.112
A87 0.467 0.254 1.023  0.223 0.160  0.264
A89 -0.904 1.749 -2.421  5.694 0.012  1.756
A91 0.442 0.813 0.064 0.394 -0.472  0.596
A92 -0.015 0.009 -0.002  0.006 -0.001  0.011
A93 0.283 0.274 -0.040  0.099 0.218 0.197
A94 1.122 0.861 -0.694  0.584 0.619  0.999
A95 -0.068 0.020 -0.015  0.008 -0.009  0.024
A96 -0.070 0.021 -0.018  0.010 -0.004  0.036
A97 -0.073 0.030 -0.011 0.012 -0.007  0.034
A98 -0.012 0.025 -0.003  0.007 0.000  0.025
   
 
Note: The model is estimated with two lags.  
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Table 4.2 Variance Decomposition 
 
The percentage of the k-step ahead forecast error variance of the 
nominal exchange rates explained by the shock of 
k ydε  rdε  mdε  pdε  diε  
Australian Dollar 
1 1.2 (1.6) 23.2 (16.0)  4.5 (3.6) 1.4 (1.3) 11.2 (4.0) 
4 3.4 (2.9) 20.3 (13.8) 4.5 (3.4)  2.1 (1.8) 10.7 (6.8) 
8 4.0 (3.2) 16.7 (10.7) 5.3 (4.4) 3.2 (3.0) 11.0 (7.7) 
12 4.7 (3.6) 15.6 (10.3) 5.8 (5.2) 3.4 (3.1) 11.4 (8.0) 
20 6.6 (5.0) 14.8 (10.2) 6.2 (5.4) 3.5 (3.0) 11.7 (8.2) 
Canadian Dollar 
1 0.8 (1.0) 13.2 (10.2) 1.1 (1.5) 1.9 (1.3) 7.0 (3.2) 
4 1.5 (1.6) 22.0 (17.2) 1.8 (2.1) 2.9 (2.0) 5.9 (4.1) 
8 3.8 (2.7) 21.4 (15.8) 2.4 (2.7) 2.8 (2.3) 10.5 (9.6) 
12 11.0 (6.8) 18.3 (12.3) 3.1 (3.8) 2.6 (2.1) 11.4 (10.4) 
20 25.1 (11.3) 14.8 (8.4) 4.2 (6.0) 2.6 (2.1) 9.4 (8.1) 
US Dollar 
1 1.6 (1.8) 7.8 (7.6) 2.3 (2.3) 1.3 (1.4) 2.0 (2.1) 
4 2.1 (2.1) 17.7 (12.4) 4.4 (4.4) 3.3 (3.0) 3.7 (3.7) 
8 3.6 (3.2) 28.9 (15.5) 7.2 (6.1) 3.4 (3.3) 5.0 (4.9) 
12 4.7 (4.4) 33.6 (15.1) 8.2 (6.8) 3.7 (3.6) 4.8 (4.3) 
20 6.2 (5.8) 31.5 (14.4) 7.8 (6.5) 4.2 (4.0) 4.8 (4.2)  
      
 
Notes: The model is estimated with 2 lags. The numbers in parentheses are the standard 
errors of the variance decompositions at 95% level of significance. * indicates the 
estimate is significant at 95% level. The standard errors are generated from 10,000 draws 
by Monte Carlo Integration following Sims and Zha (1994). This is a Bayesian method 
which employs a Gaussian approximation of the posterior of 0A . 
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Table 4.2 Variance Decomposition (continued) 
 
The percentage of the k-step ahead forecast error 
variance of the nominal exchange rates explained by the 
shock of 
k poε  tbε  ocε  erε  
1 43.0 (14.8) 1.4 (1.1) 1.5 (1.4) 12.7 (5.1) 
4 47.5 (13.8) 2.2 (2.7) 1.9 (1.5) 7.4 (4.3) 
8 46.3 (14.0) 3.4 (4.0) 2.4 (2.3) 7.8 (4.7) 
12 44.7 (13.0) 4.3 (4.1) 2.5 (2.2) 7.7 (4.8) 
20 42.3 (12.6) 5.1 (4.5) 2.5 (2.2) 7.5 (4.7) 
1 31.8 (12.4) 1.7 (1.2) 4.7 (4.7) 37.9 (12.6) 
4 28.9 (13.7) 1.8 (1.8) 5.0 (4.0) 30.1 (15.9) 
8 25.9 (15.8) 3.6 (3.6) 4.8 (4.1) 24.8 (14.8) 
12 22.9 (14.9) 4.8 (4.7) 4.5 (3.9) 21.5 (13.4) 
20 18.1 (13.1) 5.3 (4.5) 3.6 (3.1) 17.1 (10.0) 
1 12.2 (11.7) 1.3 (1.3) 5.7 (5.4) 65.9 (14.8) 
4 10.4 (10.8) 3.1 (2.8) 6.6 (6.4) 48.6 (16.0) 
8 7.8 (7.6) 4.4 (4.0) 5.8 (4.9) 33.9 (14.6) 
12 7.0 (5.5)  5.6 (5.1) 7.2 (5.2) 25.1 (11.9) 
20 7.3 (5.3) 7.3 (6.7) 10.1 (7.5) 20.8 (10.1) 
     
 
 
 
 115
Table 4.3 Contemporaneous Coefficients in Alternative Models for the US 
 
Exogeneity Model Benchmark  
Coefficient Std. error Coefficient Std. error 
     
A17 0.002  0.019 0.007  0.011
A21 -7.518  7.133 -4.584  8.781
A23 2.006  4.749 4.394  6.295
A24 9.715 13.474 3.735 15.586
A29 -0.436  4.571 1.132  4.394
A31 -0.297  0.319 -0.170  0.319
A32 0.004  0.009 0.004  0.006
A34 0.950  0.582  0.629  0.565
A41 0.111  0.053 -0.114  0.066
A61 2.064  3.016 6.279  3.584
A62 -0.085  0.049 -0.079  0.049
A63 -1.218  1.141 -1.794  1.501
A69 2.211  2.174 1.462  2.017
A71 0.340  2.153 1.380  3.171
A74 1.301  2.185 5.163  2.702
A81 -0.230  2.829 -3.396  4.055
A82 -0.026  0.041 -0.035  0.049
A83 0.633  1.089 0.006  1.412
A84 -3.568  5.052 -11.574  7.267
A85 0.442  0.143 0.442  0.143
A86 0.638  0.115 0.641  0.112
A87 0.303  0.241 0.160  0.264
A89 0.085  1.719 0.012  1.756
A91 -0.593  0.354 -0.472  0.596
A92 -0.004  0.009 -0.001  0.011
A93 0.283  0.126 0.218 0.197
A94 -0.380  0.656 0.619  0.999
A95 -0.023  0.023 -0.009  0.024
A96 -0.018  0.032 -0.004  0.036
A97 0.003  0.030 -0.007  0.034
A98 0.001  0.025 0.000  0.025
     
 
Note: The model is estimated with two lags. 
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Table 4.4 Variance Decomposition – A Comparison between the Benchmark Model 
and the Exogeneity Model for the US 
 
The percentage of the k-step ahead forecast error variance of the 
nominal exchange rates explained by the shock of 
k ydε  rdε  mdε  pdε  diε  
Benchmark Model 
1 1.6 (1.8) 7.8 (7.6) 2.3 (2.3) 1.3 (1.4) 2.0 (2.1) 
4 2.1 (2.1) 17.7 (12.4) 4.4 (4.4) 3.3 (3.0) 3.7 (3.7) 
8 3.6 (3.2) 28.9 (15.5) 7.2 (6.1) 3.4 (3.3) 5.0 (4.9) 
12 4.7 (4.4) 33.6 (15.1) 8.2 (6.8) 3.7 (3.6) 4.8 (4.3) 
20 6.2 (5.8) 31.5 (14.4) 7.8 (6.5) 4.2 (4.0) 4.8 (4.2)  
Exogeneity Model 
1 2.9 (2.6) 7.0 (7.7) 6.6 (5.2) 1.5 (1.7) 3.6 (3.0) 
4 7.8 (6.2) 12.9 (11.0) 7.0 (5.7) 1.3 (1.3) 7.3 (5.5) 
8 9.7 (8.4) 16.1 (12.3) 7.2 (6.4) 1.3 (1.4) 10.9 (8.4) 
12 12.2 (9.6) 16.1 (11.9) 6.8 (5.5) 1.6 (1.5) 11.6 (8.6) 
20 15.5 (11.5) 14.0 (10.3) 6.6 (5.0) 1.8 (1.6) 11.2 (8.4) 
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Table 4.4 (continued) 
 
The percentage of the k-step ahead forecast error 
variance of the nominal exchange rates explained by the 
shock of 
k poε  tbε  ocε  erε  
Benchmark Model 
1 12.2 (11.7) 1.3 (1.3) 5.7 (5.4) 65.9 (14.8) 
4 10.4 (10.8) 3.1 (2.8) 6.6 (6.4) 48.6 (16.0) 
8 7.8 (7.6) 4.4 (4.0) 5.8 (4.9) 33.9 (14.6) 
12 7.0 (5.5)  5.6 (5.1) 7.2 (5.2) 25.1 (11.9) 
20 7.3 (5.3) 7.3 (6.7) 10.1 (7.5) 20.8 (10.1) 
Exogeneity Model 
1 13.3 (10.9) 0.8 (0.9) 5.5 (5.7) 58.7 (13.5) 
4 14.0 (10.5) 3.3 (3.2) 5.5 (5.3) 41.0 (14.6) 
8 11.2 (9.1) 7.1 (6.5) 5.2 (4.8) 31.3 (13.5) 
12 9.7 (7.9) 11.5 (9.0) 5.0 (4.4) 25.4 (11.9) 
20 9.0 (6.7) 15.6 (11.2) 5.2 (4.4) 21.2 (10.9) 
     
 
 
Notes: The model is estimated with two lags. The numbers in parentheses are the 
standard errors of the variance decompositions at 95% level of significance. * indicates 
the estimate coefficient is significant at 90% level or above. The standard errors are 
generated from 10,000 draws by Monte Carlo Integration following Sims and Zha (1994). 
This is a Bayesian method which employs a Gaussian approximation to the posterior 
of .0A
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Figure 4.1 Impulse Responses – Benchmark Model 
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Figure 4.1 (continued) 
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diε  
0 5 10 15
-0.016
-0.008
0.000
0.008
0.016
0.024
0.032
0.040
0.048
0 5 10 15
-0.0105
-0.0070
-0.0035
-0.0000
0.0035
0.0070
0.0105
0.0140
0.0175
0.0210
0 5 10 15
-0.024
-0.012
0.000
0.012
0.024
0.036
poε
 
0 5 10 15
-0.016
-0.008
0.000
0.008
0.016
0.024
0.032
0.040
0.048
0 5 10 15
-0.010
-0.005
0.000
0.005
0.010
0.015
0.020
0 5 10 15
-0.024
-0.012
0.000
0.012
0.024
0.036
ocε
 
0 5 10 15
-0.016
-0.008
0.000
0.008
0.016
0.024
0.032
0.040
0.048
0 5 10 15
-0.0105
-0.0070
-0.0035
-0.0000
0.0035
0.0070
0.0105
0.0140
0.0175
0.0210
0 5 10 15
-0.024
-0.012
0.000
0.012
0.024
0.036
erε
 
0 5 10 15
-0.016
-0.008
0.000
0.008
0.016
0.024
0.032
0.040
0.048
0 5 10 15
-0.0105
-0.0070
-0.0035
-0.0000
0.0035
0.0070
0.0105
0.0140
0.0175
0.0210
0 5 10 15
-0.024
-0.012
0.000
0.012
0.024
0.036
 
Notes: The baseline model is estimated with two lags. Estimation is done by the 
Bayesian method using Monte Carlo Integration of 10,000 draws which employs the 
Gaussian approximation of the posterior of A0. Error bands are the 16% and 84% fractiles.  
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Figure 4.2 Impulse Responses – Robustness Analysis 1 
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Figure 4.2 (continued) 
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Notes: The benchmark model is estimated with four lags. The method of estimation is the 
same as before. 
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Figure 4.3 Impulse Responses – Robustness Analysis 2  
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Figure 4.3 (continued)  
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Notes: The balance of trade data are replaced with the data of the balance of the current 
account. The model is estimated with two lags. 
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Figure 4.4 Impulse Responses – Robustness Analysis 3 
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Figure 4.4 (continued)  
 
 Australia Canada US 
diε  
0 5 10 15
-0.025
0.000
0.025
0.050
0 5 10 15
-0.010
-0.005
0.000
0.005
0.010
0.015
0.020
0 5 10 15
-0.02
-0.01
0.00
0.01
0.02
0.03
0.04
poε
 
0 5 10 15
-0.025
0.000
0.025
0.050
0 5 10 15
-0.010
-0.005
0.000
0.005
0.010
0.015
0.020
0 5 10 15
-0.02
-0.01
0.00
0.01
0.02
0.03
0.04
ocε
 
0 5 10 15
-0.025
0.000
0.025
0.050
0 5 10 15
-0.010
-0.005
0.000
0.005
0.010
0.015
0.020
0 5 10 15
-0.02
-0.01
0.00
0.01
0.02
0.03
0.04
erε
 
0 5 10 15
-0.025
0.000
0.025
0.050
0 5 10 15
-0.010
-0.005
0.000
0.005
0.010
0.015
0.020
0 5 10 15
-0.02
-0.01
0.00
0.01
0.02
0.03
0.04
 
Notes: Restrict the trade balance from having a contemporaneous impact on the relative 
income. That is, assume 017 =a . The model is estimated with two lags. 
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Figure 4.5 Impulse Responses – Robustness Analysis 4 
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Figure 4.5 (continued) 
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Notes: Allow the nominal exchange rate to have a contemporaneous impact on the 
balance of trade. That is, assume .079 ≠a  The model is estimated with two lags for the 
Australian and the Canadian data, and with four lags for the US data.  
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Figure 4.6 Impulse Responses – Robustness Analysis 5 
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Notes: This model assumes that 
Japan represents the rest of the 
world for the US economy. All 
relative variables are computed to 
be the difference between the US 
and the Japan macroeconomic 
indicators. The model is estimated 
with two lags.  
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APPENDIX C 
 
Appendix 4.1 Trade Weights  
Australia Canada US 
Trade Partners Weight Trade Partners Weight Trade Partners Weight 
Japan 42% US 85% Canada 40% 
US 32% Japan 8% Japan 33% 
UK 9% UK 3% Germany 11% 
New Zealand 9% Germany 2% UK 10% 
Germany 8% France 2% France 6% 
 
Notes: Only the five largest trading partners for each country are considered. In case 
when data for a large trading partner are not sufficient, that trading partner is replaced 
with the next largest trading partner. For example, for the years considered, China was 
the 5th largest trading partner for the US, but since data for China are not available, I 
replace China with France, which was the next largest in the list.  
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Appendix 4.2 Descriptions of Variables and Data 
 
Variable Description 
yd 
∑
=
−=
5
1
* )log()log(
i
ii yyyd ω  
rd 
∑
=
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5
1
*
i
ii rrrd ω  
md 
∑
=
−=
5
1
* )log()log(
i
ii mmmd ω  
pd 
∑
=
−=
5
1
* )log()log(
i
ii pppd ω  
Explanations: 
• “*’s” refer to the trading partners,ω ’s are the trade weights. For trading 
partners and trade weights information, see Appendix I.  
• For all countries, y, the real national income, is the real GDP volume 
(2000=100); m, the money demand, is M1 (or Money) index (2000=100); r, 
the nominal interest rate, is the three-month (or 13 weeks) treasury bill rate or 
other comparable short-term nominal interest rates, for Japan, the r used is 
discount rate; and p is the Consumer Price Index (2000=100).  
• For New Zealand, y for 1980, 1981, 1982 is approximated from the annual 
(quarterly data not available) real GDP available from IMF IFS. For Germany 
and UK, m is interpolated based on the annual growth rate of money available 
from IMF IFS. For France, m beyond 1998 is interpolated based on the 
quarterly rate of money growth for the entire euro zone, data available from the 
website of the European Central Bank.  
• All of y, m, r, and p are in levels. All original series are seasonally adjusted.     
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Appendix 4.2 (continued) 
 
Variable Description 
di Net direct investment inflow (+), expressed as a percentage of current 
year nominal GDP 
po Net portfolio investment inflow (+), expressed as a percentage of 
currency year nominal GDP 
tb Net balance of trade on goods and services (+: net export), expressed 
as a percentage of current year nominal GDP 
oc Net other inflows of capital (+), expressed as a percentage of 
currency year nominal GDP 
Explanations: 
The original data for capital flows and trade balance for each country are in millions or 
billions of US dollars. The nominal GDP are in local currencies. The conversion of 
local-currency-denominated nominal GDP into US-dollar-denominated nominal GDP 
is based on the market exchange rate of each currency against the US dollar. All 
variables are in levels in estimation. 
er Nominal effective exchange rate 
Explanation:  
The nominal effective exchange rate for each country is constructed by the IMF in 
such a way that an increase in the index implies an appreciation of the currency. 
Source of data: 
1. International Monetary Fund, International Financial Statistics 
2. Website of European Central Bank: www.ecb.int 
3. International Monetary Fund, Direction of Trade Statistics 
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Appendix 4.3 Lag length Tests 
 
Australia Canada US Lags 
AIC SBC AIC SBC AIC SBC 
       
1 -39.00 -36.64 -42.89 -40.53 -49.24 (-46.22) -46.88 (-43.87) 
2 -38.63 -34.12 -42.52 -38.01 -49.27 (-46.62) -44.75 (-42.11) 
3 -38.30 -31.61 -41.94 -35.25 -49.54 (-46.67) -42.85 (-39.98) 
4 -38.45 -29.56 -42.14 -33.24 -49.68 (-46.49) -40.79 (-37.59) 
5 -39.19 -28.06 -42.86 -31.73 -50.49 (-46.99)  -39.36 (-35.86) 
6 -40.34 -26.95 -44.05 -30.66 -51.58 (-47.57)  -38.18 (-34.18) 
7 -41.45 -25.77 -45.18 -29.50 -53.50 (-49.30)  -37.81 (-33.61) 
8 -44.53 -26.52 -48.76 -30.75 -56.59 (-53.53)  -38.58 (-35.52) 
       
  
Notes: The numbers in the parentheses for the US are the AIC and SBC values for the 
exogeneity model.   
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